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Auburn University
Auburn Unsl\c_/:e::zl, 2:::;: ;6849-541 8

Southern Forest Nursery Management ) FAX: (334) 844-4873

Cooperative . ’ ’ ' Telephone: (334) 844-1044
Office of the Director
September 4, 2002
To: U.S. Environmental Protection Agency

Methyl Bromide Critical Use Exemption
Global Programs Division, Mail Code 6205]
1200 Pennsylvania Ave, NW

Washington, DC 20460-0001 %

From: Ken Mc Nabb, Director
Auburn University Southern Forest Nursery Management Cooperative
School of Forestry and Wildlife Sciences —
Auburn University, AL 36849-5418

Subject: APPLICATION FOR A CRITICAL USE EXEMPTION
OF METHYL BROMIDE

Enclosed is an application for a Critical Use Exemption of methyl bromide. This application is belng
forwarded by thé Auburn University Southern Forést Nursery Management Cooperative (the
“Consortium”) on behalf of forest tree nurseries in the southeastern United States. The consortium
is comprised of 11 state government forestry organizations, 8 major forest products companies, the
U.S. Forest Service, and 2 private non-industrial nurseries. The consortium is making this application
on behalf of all forest tree seedling nurseries producing barefoot planting stock in 12 southeastern
states. These nurseries collectlvely grow apprommately 80% of all the forest tree seedlings in the
United States. These seedlings are used to replant or otherwise establish forests on about 1.5 million
acres for the purposes of fiber production, ecosystem restoration, wildlife habitat, soil conservation,

and aesthetics. Methyl bromide is used as a soil fumigant to protect seedlings from soil and weed
pests. The use of methyl bromide results in larger and healthier seedlings that have higher outplanting
survival and growth rates, which has tremendous impact on the economi¢ and environmental health
of the entire forestry sector in the southeastern United States. The consortium believes and this
application demonstrates, that the loss of methyl bromide will result in a “significant market
disruption” not only to the forest tree nursery business, but also through large-scale negative effects
on forest industry and environmental programs supporting ecosystém restoration and soil
conservation.
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Worksheet 1. Contact and Methyl Bromide Request Information

The following information will be used to determine the amount of methy! bromide requested and the contact person for this
request. ltis lmportant that we know whom to contact in case we need additional information during the feview of the

application.

1. Location
(Enter the state, region, or county. Provide more detail about the location if relevant to the feasibllity of alternatives
to methyl bromide.)
The southeastern United States, specifically the states of
Alabama Louisiana South Carolina
Arkansas Mississippi Tennessee
Georgia North Carolina Texas
Florida Oklahoma Virginia
2. Crop/lcommodity ‘
(include all crops/commodities that benefit from the application of methyl bromide in a fumigation cycle. A
fumigation cycle is the period of time between methyl bromide fumigations.)
Nursery grown bare root tree seedlings used for reforestation: conifers such as Pinus taeda, P. elliottii, and P. palustris,
Abies fraserni, Taxodium distichum (96% of productlon) and various deciduous (hardwood) species. P. taeda (loblolly pine )
and P. elliotti (slash pine) are the primary fiber sources for the forest industry in the southeastern United States and nursery
stock is used to establish plantations that upon maturity in 20 to 30 years provide the raw matenal to forest industry. Pinus
palustris (longleaf pine), is also an important timber species and wrdely planted for that purpose Recently, however, it has
become the focus of ecosystem restoration efforts supportéd: by the federal governiment. Nurseries produce between 30 to
40 species of hardwood planting stock in the southeastern U.S. Principle among these are the genus Quercus, Carya,
Liquidambar, Populus, Platanus, and Fraxinus. While hardwood planting stock may serve to establish fiber plantations, they
are most commonly planted for wildlife, aesthetic, and ecosystem restoratlon objectives.
3.Climate ' I '
(Individual users should enter their climate zone designation by’ revlewing the U.S. climate zone map. If a consortium
Is submitting this application, please indicate the estimated percentage of consortium users in each climate zone.
This map Is located at the end of this workbook or it can be reviewed online at http:/iwvww.usna. usda gov/
Hardzonelushzmap html)
The southeastern United States. covers three climate zones and consortlum nurseries are located. in all three.
zone 6 approx1mately 10% of productlon
zone 7 approxrmately 25% of productlon
zone 8 approx1mately 65% of production
4. Soil type Check the box(es) for the soil types and percent organic matter that apply to your area. If a consortium is submitting
this application, please indicate the estimated percentage of consortium users in each soil type .
Soll Type: Light X Medlum Heavy »
Organic Matter 0 to 2% 80 2t05% 20 over 5% Almost all members
5. Other geographic.factors that may affect crop/commodity yield (e 9., water table).
None
, Auburn Umversrty Southern Forest -, Y .
6. Consortium name Nursery Management Cooperatlve Specilalty (check one)
7. Contactname » Ken McNabb e agronomic X _
8. Address . 108 M. White Smith Hall economic
. Auburn University, AL 36849 :
9. Daytime phone 334-844-1044 . 10. FAX 334-844-4873
11. E-mail menabkl@auburn.edu '




12,
13.

14.

16.
17.

18.

19.

For EPA Use Only

Worksheet 1. Contact and Methyl Bromide Request Information ID#
List an additional contact person If available. Specialty (check one)
Contact name William Carey agronomicX
Address 108 M. White Smith Hall economic
Auburn University, AL 36849
Daytime phone 334-844-4998 15. FAX 334-844-4873
E-mall careywa@forestry.aubutn.edu
How much active ingredient (ai) of niethyl bromide are you requesting for 200567 542,408 Ibs.

If a consortium is submitting this application, the data for question 17 and 17a. should be the total for the consortium.

In the question below, area is defined as follows for each user: acres for growers, cubic feet for post harvest operations, and square
feet for structural applications.

17a. How much area will this be applied to? Please list units. 1,621 Acres units

Are you requesting methy! bromide for additional years beyond 20057 Yes X No

18a. If yes, please list year and quantity active ingredient (ai) of methyl bromide requested in the table below and explain why
you need authorization for multiple years.

Requests beyond 2005
Specific sections of seedling production areas are fumigated each year. The request for a Critical Use Exemption
is based on this annual application requirement.

2006 542,408 ’
2007 542.408
If a consortium is submitting this application, the data below should be the total for the consortium.

In the table below, area is defined as follows for each user: acres for growers, cubic feet for post harvest operations, and square
feet for structural applications. ’

Year | Quantity ai (Ib.) of Methyl Bromide Area to be Treated Unit of Area Treated
2006 {542,408 1621 Acres '
2007 542,408 1621 i Acres

Target Pest(s) or Pest Problem(s}): :
(Be as spécific as possible about the species or classes of pests relevant to the feasibility of aiternatives.)

Fumigation targets a broad spectrum of fungal pathogens, nematodes, and weeds. Specific examples include the
fungus Macraphomina (a root rot) which has historically caused crops to be condemned in some nurseries,
Cylindrocladium spp., Fusarium solani, Pythium irregulare , and Rhjzoctonia solani. Fumigation has been shown to be
critical for the control of nematodes such as Criconemoides spp. Helicotylenchus spp, and others which have caused
significant crop loss in some locations. Moreover, furhigation is the foundation of the weed control programs dealing
with certain herbaceous weeds of the genus Cyperus, for which there is no currently labeled effective nursery product.
Deciduous hardwoods are particularly susceptible to Phytophthora, Fusarium, and Pythium root rots in the damping-
off phase and throughout the spring and summer months. The cost effective treatment of such a broad range of pests
with a single compound is what makes methyl bromide an essential compound.
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Worksheet 1. Contact and Methyl' Bromide Request Information

20. if applyingas a consértium for mary users of methyl bromide, please:define a representative user, Defing exactly,
{ssues such as size of the operation (acres treated with methy! bromide for growers, cubic feet for post-harvest operations, and square
feet for structural applications), whether the representatlve user owns or rents the land or operatlon, intensity of methyl bromide use

(treat regularly or only when pest reaches a threshold), pest pressure, etc.

Representative User

Forest tree nurseries in the southeastern United States typically produce 20 to' 30 mtlhon bareroot seedlings per year.
Pine seedlings are approximately 96% of this product:on with the balance made of deciduous:hardwood speties.- The
general category of "pines" includes P. taeda, P. elliottii, and a variety of other similarly cultured seedling crops (78%,
20%, and 2% of pine production, respectively). ‘A second category.of pme is "Long eaf' (Pinus palustris) which has a
distinct nursery cuiture requiring wide bed spacing and comparatively more nursery area. Pine sesdlifg crops ‘are™
typically grown on 2.2 rotations wnth 2 years of séedlings followed by 2 years of cover crops. Fumigation occurs once.
in this 4 year cycle and rmmedlately prior to the first seedling crop. One fumigation will last 2 seedlmg crops (2 years)

The third category of seedhng is deciduous.hardwoods, Hardwood seedling culture requires fumlgat:on prior to each
seedling crop. Both weed and disease control are more critical for hardwood étiltiire.  There is a general lack of:
selective weed controi chemicals for hardwood seedhng culture and hardwoods are more susceptible to damping off

and root rot fungi.

Nursenes are owned by forest industry, staté governmental forestry organizations, and private non- mdus’mal nurseries,
(70%, 20% and 10% of regional production, respectively). Consortium nurseries are distributed throughout the region.

20a. Explain why this user represénts the typical'user in the consortium, _

This characterization of a "typical user" is based on surveys and direct interaction with riursery managers/owners. Our
consortium has been instrumental in the development of a southern forest tree nursery reasearch and technology
transfer program for over 20 years. We are very familiar with the characteristics of a typical user and their activities.
Moreover, this knowledge base has been supplemented in recent years through formal written surveys.

OMB Control # 2060-0482




- Worksheet 1. Contact and Methyl Bromide Request Information
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The following information will be used to determine the amount of methy! bromide requested and the contact person for this.
request. It is important that we know whom to contact in case we need additional information during the review of the
application. : .

Location

'(Enter the state, region, or county. Provide more detail about the location if relevant to the feaslbility of alternatives

to methyl bromide.)
The southeastern United States, specifically the states of

Alabama Louisiana South Carolina
Arkansas - Mississippi ‘Tennesses
Georgia North Carolina Texas
Florida Oklahoma Virginia
2, Croplcdmmodlty
(Include all crops/commodities that benefit from the application of methyl bromide in a fumigation cycle. A
fumigation cycle Is the period of fime between methyl bromide fumigations.)
Nursery grown bare root tree seediings used for reforestation: conifers such as Pinus taeda, P. elliottii, and P. palustris,
Abies fraseri, Taxodium distichum (96% of production) and various deciduous (hardwood) species. P. faeda (loblolly pine )
and P. elliottii (slash plne) are the primary fiber sources for the forest industry in the southeastern United States and nursery
stock is used to establish plantations that upon maturity in 20 to 30 years provide the raw material to forest industry. Pinus
palustris (longleaf pine), is also an important timber species and widely planted for that purpose. Recently, however, it has
become the focus of ecosystem restoration efforts supported by the federal government. Nurseries produce between 30 to
40 species of hardwood planting stock in the southeastern U.S. Principle among these are the genus Quercus, Carya,
Liquidambar, Populus, Platanus, and Fraxinus. While hardwood planting stock may serve fo establish fiber plantations, they
are most commonly planted for wildlife, aesthetic, and ecosystem restoration objectives.
3.Climate
. (Individual users should enter their climate zone designation by reviewing the U.S. climate zone map. If a consortium
I Is submitting this application, please Indicate the estimated percentage of consortium users in each climate zone.
This map Is located at the end of this workbook oritcan be reviewed online at http://www.usna.usda.gov/
Hardzone/ushzmap.html).
The southeastern United States covers three climate zones and consortium nurseries are located in all three.
zone6 -  approximately 10% of production
zone7 - approximately 25% of production
zone 8 approximately 65% of production ,
4. Soll type Check the box(es) for the soil types and percent organic matter that apply to your area. If a consortium is submitting
this application, please indicate the estimated percentage of consortium users in each soil type.
SollType: -  Light_ X Medium Heavy
Organic Matter: 0to2% 80  2to5%__ 20 over 5% ~ Almost alt members
5. Other geographic factors that may affect crop/commodity yleld (e g., water table).
None
. -Auburn University Southern Forest - oy _
6. Consortium name  Nursery Management Cooperative Speclalty (check one)
7. Contact name Ken McNabb o agronomic X
8. Address 108 M. White Smith Hall - : economic
' Auburn University, AL 36849 _
9. Daytime phone 334-844-1044 . 10. FAX 334-844-4873
11. E-mall mcnabkl@auburn.edu




12.
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14.

16.
17.

18.
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Worksheet 1. Contact and Methyl Bromide Request Information L DE_
List an additional contact person If available. o Specialty (check one)
Contact name William Carey e agronomicX
Address 108 M. White SmithHall ... .. . . . economic.. . .
Auburn University, AL 36848
Daytime phone 334-844-4998 15. FAX 334-844-4873
E-mall careywa@forestry.auburn.edu o » A
How much active ingredient (al) of methyl bromide are you reque'sting_ for 20057 - . 542,408 Ibs.

If a consortium is submitting this application, the data for question 17 and 17a. should be the total for the consortium,

In the question below, area is defined as follows for each user: acres for growers, cubic feet for po st harvest operat:ons, and square
feet for structural apphcatlons

17a. How much area will this be applied to? Pleasé list units. 1,621 Acrés units

Are you requesting methyl bromide for addltlonal years beyond 2005? 3 Ye's'"x No

18a. If yes,please list year.and-quantity active ingredient (ai)- -of methyl bromide requested in the table below and explaln why
you need authorization for multiple years. :

Reéquests beyond 2005
‘Specific sections of seedling’ production areas are fumlgated each yeaf. The request for a Critical Use Exemptlon
is baséd on this ‘annual appllcatlon requnrement

2006 542,408
2007 542.408

Ifa consortlum ls submlttm th|s applicatlon, the data below should be the total for: the consorbum

In the table below, area ls deﬁned as follows for each user: acres for growers, cublc feet for post harvest operauons, and square
feet for structural applications,

Year | Quantity ai (Ib.) of Methyl Bromide Areato _h'e Treated . ' Unit of Area Treated
2006 |542,408 1621 . Acres o
2007 542,408 ' 1621 ' Acres

Target Pest(s) or Pest Problem(s)
(Be as specific as possible about the specles or class@s of pests relevant to the feagibility of alternativés:) -

Fumigation targets-a broad spectrum of fungal pathogens, nematodes, and weeds. Specific examples include the. -
fungus Macraphomina (a root rot) which has historically caused crops to be condemned in some nurseries,
Cylindrocladium spp., Fusarium solani, Pythium irregulare , and Rhizoctonia solani.. Fumigation has been shown to be
critical for the control of nematodes such as Cnconemondes Spp:. Hencotylenchus spp, and others Whlch have caused

significant crop loss in some locations. Moreover funmgatlon is the foundation of the w _d ‘control programs dealmg
with certain herbaceous weeds of the genus Cyperts, for which there is no currently’ labeled effective nursery product.
Deciduous hardwoods are particularly susceptible to Phytophthora, Fusarium; and Pythium root rots in the damping-
off phase and throughout the spring and summer months. The cost effective treatment of. such a broad range of pests
with a single compound is what makes methyl bromide an essential compound




For EPA Use Only
} . 1D#

Worksheet 1. Contact and Methyl Bromide Request Information

20. If applying as a consortium for many users of methyl bromide, piease define a representative user. Define exactly,

; issuas such as size of the operation (acres treated with methyl bromide for growers, cubic feet for post-harvest operations, and square
feot for structural applications), whether the representative user owns or rents the land or operation, intensity of methyl bromide use
(treat regularly or only when pest reaches a threshold), pest pressure, etc.

Representative User

Forest tree nurseries in the southeastern United States typically produce 20 to 30 million bareroot seedlings per year.
Pine seedlings are approximately 96% of this production, with the balance made of deciduous hardwood species. The
general category of "pines" includes P. taeda, P. elliofti, and a variety of other similarly cultured seedling crops (78%,
20%, and 2% of pine. production, respectively). A second category of "pine” is "Longleaf" (Pinus palustris) which has a
distinct nursery culture requiring wide bed spacing and comparatively more nursery area. Pine seedling crops are
typically grown on. 2:2 rotations with 2 years of seedlings followed by 2 years of cover crops. Fumigation occurs once

in this 4 year cycle and immediately prior to the first seedling crop. One fumigation will last 2 seedling crops (2 years).

The third category of seedling is deciduous hardwoods. Hardwood seedling cuiture requires fumigation prior to each
seediing crop. Both weed and disease control are more critical for hardwood culture. There is a general fack of
selective weed controi chemicals for hardwood seedling culture and hardwoods are more susceptible to damping off
and root rot fungi. ' . '

Nurseries are owned by forest industry, state governmental forestry organizations, and private non-industrial nurseries,
(70%, 20% and 10% of regional production, respectively). Consortium nurseries are distributed throughout the region.:

20a. Explain why this user represents the typlcal‘user in the consortium.

This characterization of a "typical user” is based on surveys and direct interaction with nursery managers/owners. Our
consortium has been instrumental in the development of a southern forest tree nursery reasearch and technology
transfer program for over 20 years. We are very familiar with the characteristics of a typical user and their activities.
Moreover, this knowledge base has been suppiemented in recent years through formal written surveys.

OMB Control # 2060-0482




Worksheet 2. Methyl Bromide - Historical Use of Methyl Bromide

Purpose of Data: To establish a baseline estimate of crop/commodity yields, gross revenues, and costs using methyl

bromide.
Worksheet Title Instructions ‘specific to each worksheet are located at the top of
each sheet.
2-A Methyl Bromide Use for 1997 - 2000 | This worksheet provides data in actual usage for 1997-2000.
2-B Methyl Bromide - Crop/Commodity ~ This worksheet provides crop/commodity yleld and gross revenue
Yield and Gross Revenue for 1997- for 1997 through 2000.
2000 _
2-C Methyl Bromide - Crop/Commodity This data provides historical information on crop/commodity yield
Yield and Gross Revenue for 2001 and gross revenue for 2001. :
2-D Methyl Bromide Use and Costs for This worksheet isolates use and cost data for 2001.
2001 ="
2-E Methyl Bromide - Other Operating This data is needed to estimate a baseline for operating costs in
Costs for 2001 order to estimate the impact on operating profit and short-run
o economic viability as a result of not using methyl bromide.
2-F Methyl Bromide - Fixed And This data is heeded to estimate a baseline for tbtal costs in order

" Overhead Costs for 2001

to estimate the impact on proﬁtablllty and long-run economlc
viability as a result of not using methyt bromide.
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Worksheet Z-B. Methyl Bromide - Crop/Commodity Yield and Gross Reve_n ue 1997-2000
fa censortium is submitting this application, the data for this table should reflect the actual averages for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 1997 - 2000 when using methyl bromide. Post-harvest and structural users may work with EPA to modify this form)
to accommodate differences in operations when providing gross revenue data.

Col. A: Year 2000 Be sure to enter the year. Use as many rows as needed for each year for all the crops/commodities in the fumigation cycles from 1997 to 2000.
If a fumigation cycle overlaps more than one calendar year, then the year of the fumigation cycle is the year methyl bromide was applied,

Col. B: Crop/Commodity Enter ali crops/commodities that benefit from methyi bromide in each fumigation cycle. (For example, if normafly methy! bromide is applied and

Forest Tree Seedlings tomatoes are grown and harvested foliowed by peppers without an additional treatment of methy! bromide, then both tomatoes and peppers

Pine & Hardwoods would be part of the same fumigation cycle.) See the Fumigation Cycle Worksheet for a comprehensive definition of the fumigation cycle.

If someone other than the applicant benefits from the application of methy bromide in the fumigation cycle and you do not have the quantitative
data for the crops grown on the same land, please indicate so In the comments section below.

Col. C: Unit of Enter the unit of measurement for each crop/commodity.

CropiCommodi .

Col. D: Crop/Commodity Yield Enter the number of units of crop/commodities produced per area.

Col. E: Price . ) Enter the average prices received by the users for the year and croplcommodlty indicated (1997-2000).

Col. F: Revenue This number is calculated automatically using the values you entered in Cols. D and E. You may ovemde the formula to emef a different

revenue. Please explaln why the revenue amount is different in the comment section’ belaw

Total Revenue for 1997-2000 Enter thie total revenue per year by addmg the revenue for all crops for that yaar

Average Revenue per Year: The average.revenue per year is calculated automatically using the summary deta you enter for each year..

.,

N

Area is defined below as follows for each-user:‘acres for growers; cubic feet for post-harvest operations, and square feet for structural apprmﬁ ns.

A - o B b B : ) ST B e . - F
Year: Crop/Commodity Unit of Crop/Commodity. Price " Revenue
Methyl Bromide Crop/Commodity Yield (per unit of crop/commodity) (per area)
was Applied - ) . /b-(&d., pounds,bushels) (Units per area) N -
2000 | Pine Spp - 1000 trees ' 631 § 40.00 $25,240/ac
Longleaf - 1000 trees- . 343 - - - :60,00 20,580/ac
Hardwoods . " {1000 trees - » : 197] $ 250 00 49,250/ac:
- . — \ Total Revenue for 1997

\
' Total Revenue for 1998

v.Total Revenue for.4999: .

Total Revenue for.2000° $61.1 mlmonlIConsorﬂum
. Average Revenue Per Year $81.1 milllon/Consortium
Comments: ° Crop/Commodity Yleid and Gross Revenue 1997-2000
The basic mandate of our eunsorﬂum has been reseamh and teehnology transfer. As such we have not hlstorieally kept records of seedling sales ‘"We have data

for the year 2000 which was obtained by surveying consortium members. We see no reason, however, that the annual revenue from seedling sales will vary a
great deal (other than a slight increase due to infiation) and if can be assumed that gross ravenues i 1997 to 1999 will be similar to that of the year 2000.

.| Table 2b. Calculation of region-wide nursery revenue for the year 20600*
Crop ' Acres. .. Value/acre © Revenue
Pines - 2646 - . .$25,240 $66.8 Miliion-
Longleaf 87 ~ $20,580 $1.8 .
Hardwoods 254 - ST 448 250 - $125
. TOTAL REVENUE $81.1 Milfion
* Includes all nursery acres, not just the 50% fumigated annually since all seedling production acres are fumigated at least once although it may have been done
the previous year. .

OMB Control # 2060-0482
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. If a consortium is submitting this application, the data for this table should reflect the representative user for the consortium.

The purpose of this worksheet is to estimate the gross revenue for 2001when using methyl bromide. Post-harvest users may modify this form to accommodate differences when
providing gross revenue data. If 2001 was not a typical year for the individual or for the representative user of a consgrtium, the applicant may provide additional data for a different
year. However, all applicants must complete this worksheet for the year 2001 regardiess. Please explain in the comment section at the bottom of the worksheet why 2001 is not
considered a typical year, if that is the case. )

Col. A: Crop/Commodity

Enter all crops/commodities that benefit from methyl bromide in the fumigation cycle (interval between fumigations) beginning with the
treatment of methyl bromide in 2001. If multiple crops are grown during the interval between fumigations (e.g. tomatoes followed by peppers in
a single growing season, or strawberries followed by lettuce over 2 or 3 years) include all of the crops during the entire interval. See the
Fumigation Cycle Worksheet for a comprehensive definition of the fumigation cycle.

If someone other than the applicant benefits from the application of methy! bromide in the fumigation cycie and you do not have the
quantitative data for the crops grown on the same land, please indicate so in the comments section below.

Col. B: Price Factors

Enter factors that determine prices (e.g., grade, time, market). If you received different prices for your crop/commodity as a result of quality,
grade, market (e.g. fresh or processing), timing of harvest, efc., you may itemize by using more than one row. ltemize or aggregate these
factors to the extent appropriate in making the case that the use of methyl bromide affects these price factors. :

Col. C: Unit of Crop/Commaodity

~ Enter the unit of measurement for each crop/commodity.

Col. D: Crop/Commodity Yield

'\,'_,‘Enter the number of units of crop/commodity produced per area for that price factor.

Col. E: Price

Enter average 2001 prices received by the users for that crop/commodity and price factor.

Col. F: Revenue

Revenue is automatically calculated using the data you entered foryield and price. If revenue is not equal to yield times price, you may -

overyide the formula and enter a different revenue amount. Please explain why this revenue amount is different in the comment section below.
i

Area is defined belowas follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural appliéations.

A B c , - D : E F
Crop/Commodity Price Factors Unit of Crop/Commodity | Crop/Commaodity Yield Price Revenue
(grade, time, market) (e.g., pounds, bushels) (Units per area) (per unit of crop/commodity) (per area)
Pine Species and size 1000 trees 631/acre $ 40.00 $ 25,240.00
Longleaf Size 1000 trees 343/acre $ 60.00 $ 20,580.00
Hardwood Species and size 1000 trees 197/acre $ 250.00 $ 49,250.00
$ 000
$ 0.00
[Total Revenue/Nursery $1.29 Million
Comments: Total revenue is calculated for an "average" nursery according to Table 2c. i
Table 2¢c. Calculation of the gross revenue for a "representative user” nursery in 2001.
Crop Production Acres Value/acre Revenue
Pines 25.0 Million 40.0 $25,240 $1.01 Million
Longleaf : 0.5 1.5 $20,580 $0.03
Hardwoods ’ 1.0 5.0 $49,250 $0.25
TOTAL REVENUE $1.29 Million

OMB Control # 2060-0482
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Worksheet 2-D. Methyl Bromide - Use and Costs for 2001 '

If a consortium is submitting this application, the data in Cols. B, C, D, and E should reflect the repmsentégive_,usem the consortium. The data in Col. F should reflect the.
actual area treated by all users in the consortium. o .

if the methyl bromide is custom applied then plit the cost per area in Column G and fill in the average |b ai of methyl bromide applied per area (Col B) and the Total Actual Area
Treated (Col F). . o

12001 wéé not a typical year for the individual or for the representative user ofi__g,gqnsortiurq, the applicant may provide additional data-for a-different year'}' '-However, all’

applicants must complete this worksheet for the year 2001 regardless. If you provide an additional year's data, please explain in the comment section at-the bottom of the
worksheet why 2001 is not considered a typical year.

*7.Col. Az Formulation of Methyl Bromide. ' " Enter the appropriate data:in vColsB-G-Tfor each formulation;:if- known, and/or the totals and averages for all formulations of|:

methyl bromide. If you justienter.data in the bottom rowii the table (All formulations of methyl bromide); please deseribe}
in-the comments, the relétive’usag_e of the various formulations, to the extent known. '

Col B: Average.lbs. active ingredient (ai). of Enter the average pounds active ingredient (ai)-of methyl bromide applied per area.
Methyl Bromide-Applied per Area : ‘ ' .
" Cols. C, D, E, G: Prices and Costs .. Enter the average price per. pound active ingredient (ai) of methyl.bromide.in.Col. C and the average cost of applying
T e s " methiyl bromide per area treated in Col. D. In-Col. E, enter the.average other costs.per area associated with-applying
méthyl bromide (e.g., tarps). Column G will be calculated automatically using the values you entered in columns B-E.- If
methyl bromide is custom applied, enter the cost per area in Col. G_and fill in Cols. Band F.

Col. F; Actual Area Treated .. | Enterthe actual area treated. Note: ]'hise__numbef;_should be'.:the'tnohtél;iarea' treated Iby_allzuserszin'th'e consortium.

Aréa:is defined belowas follows for each'aééh"écres' for growers, _cu‘bic feet for bost-harvest operations, and square feet for structural applications.

Fomiulation of Methy! Bromide - Lb. ai-of Methyl. |Price perlb.-ai of| Cost Other Total Actual Area| Cost per Area
Bromide Applied | Methyl Bromide |. of Applying MBr.Costs:(e.g. tarps,| * Treated in the
.., perArea | (2001 Average) . . Pesticide per.Area etc.) perArea: Consortium
(2001 Average) | . . . {. (2001 Average) |  (2001.Average)- '
over 95% methyl bromide . :_»frj’f‘ e 0 392F - _ $: 2.‘68‘_’ $400 o — 975 acl.$1,450/ac.
75% methyl bromide, 25% chloropicrin - B ' . ) _ ‘
67% methyl bromide, 33% chloropicrin L 248 o $ 2.68. | e $‘400 Lo % 385.00 - 648ac} $1,450/ac
~ 50% methyl bromide, 50% chloropicrin ' ‘ R (chloropicrin)
:..90%.methyl:bromide, 10% chloropicrin o
_%%:methyl bromide, __% chloropicrin
All-formulations of methyl bromide. . 4 335%|: $268: 1 - - $400{" ] 1621'ac $1,450/ac

Comments: *Average from worksheet 2A.

OMB Control # 2060-0482




Worksheet 2-E. Methy!l Bromide - Other Operating Costs for 2001 h

For EPA Use Only
ID#

Do not include methyl bromide costs.

If a consortium is submitting this application, the data for this table should refiect a representative user.

Enter all operating costs except methyl bromide costs incurred during the fumigation cycle (interval between fumigations) beginning in 2001. See the Fumigation Cycle
Worksheet for a comprehensive definition of the fumigation cycle. Enter these costs in Col B for custom operations, or in Col C and D for operations done by user.

Submit crop budgets for each crop, if available. You may submit crop budgets electronically or in hard copy. If your costs are significantly different than the crop budgets,
please explain in the comments. .

Col A: Operation

Identify in Col A the operations (except methyl bromide) to which the costs apply. For growers, these operations should include but
are not limited to (1) prepare soil, (2) fertilize, (3) irrigate, (4) piant, (5) harvest, (6) other pest controls, etc. You must include all other
operating costs.

Col B: Custom Operation Cost

If you incur custom operation costs, enter those costs in Col. B.

Col C: Material Cost per Area

if you do not incur custom operation costs, enter the material cost per area.

Col D: Labor Cost per Area

If you do not incur custom operation costs, enter the labor cost per area.

Col E: Total Cbst per Area

The total cost per area is calculated automatically from the values you enter in Cols. C and D.

Col F: Typical Equipment Used

Identify the typical equipment used for operattons done by user. Please be specific, such as tractor horsepower. No cost data is
requxred in this column.

Area is defined below as follows for each u\sQ_r. acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

B C D E . F

A
Operation Cusfom Operation Done by User
Operation Cost per Area Material Gost Labor Cost Total Cost )
per Area per Area per Area Typical Equipment Used
Soil Preparation $ 592.00 : $ 573.00 $ 1,165.00
Sowing $4,458.00 $ 550.00 : $ 5,008.00
Maintenance $1,061.00 $1,412.00 $ 2,473.00
Fertilization, Pest Control,
pruning, etc.
Harvest and Storage $3,683.00 $ 897.00 $ 4,580.00
Total Custom per Area User Total per areaf $13,226.00

1)

2)

3

Soil Preparatlon
Sowing:
Maintenance
Harvest

Note on typical eqUIpment used:

The consortium does not typically seek nor maintain cost data for member nurseries. In fact, anti-trust concems make it difficult to even discuss costs and pricing. The
numbers we are submitting in Worksheet 2-E and 2-F have been provided to us by one of the consortium members and should be aenerally representative of actual costs.

Numbers used in Worksheet 2-E are for a typical pine seedling nursery. In the case of Longleaf pine and hardwood production, the costs for "harvest" would be approximately
double this amount (i.e. $9,160).

Typical farm tractor and implements

Highly specialized machine sowers are used-to sow genetlcally improved seed. Power supplied by farm tractor.

Standard tractor drawn boom sprayers. Implements for fertilization, top and root pruning are specially designed for forest tree nurseries.
Highly mechanized harvesting operation using specially designed seedling litters. Seedlings placed in cold storage until shipped to
planting site.

OMB Control # 2060-0482
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Worksheet 2-F. Methyl Bromide Fixed and Overhead Costs in 2001

ifa consortium is submitting this application, the data for this table should reflect a fepresentatlve user.

Enter all fixed and overhead costs incurred during the fumigation cycle (interval between fumigations) beginning in 2001. See the Fumigation Cycle Worksheet
for a comprehensive definition of the fumigation cycle.

Col A: Cost Item Identify in Col. A the cost items. These items should include, but are not limited to: (1) land rent, (2) interest, (3) depreciation,
(4) management, and (5) overhead such as office and administration.)

. Col B: Description Please describe the cost in more detail.

Col C: Allocation Method

Please describe how you estimated the portion of total fixed cost of the farm or entity that applies to this crop/commodity.

Col D: Cost per Area Enter the cost per area of methyl bromide treated.

Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operafions; and square feet for structural applications.

Comments:

A B Cc _ ' D
Cost ltem Description Allocation Method Cost per Area
Labor and Labor Related Mana@al and Administrative salaries and benefits $2,442.99
Travel ~|Travel Expenses, Business Meals, Conferences . $199.49
Advertising TN ' $92.56
Postage FedEx, UPS, and regular mail charges . $65.10
Communications Telephones, Cellular Phones $201.30
Data Processing ) $44.12
Computer Hardware Computers, printers, efc. $31.16
Rentals-Tangible Properties Machine Rentals $49.06
Rentals-Real Property Office Rental $177.94
Vehicle Lease Expenses Auto Lease and Heavy Equipment $870.48
Dues and Assessments Trade Association Dues and Contributions $14.08
Publications Trade Magazine Subscriptions $1.97
Meetings $22.93
Taxes Sales and Property Taxes $398.37
Depreciation Capitalized Interest and Plant Depreciation - $1,759.79
Legal Settlements Company Legal Bill $207.96
Supplies and Equipment Managerial and Administrative Supplies $517.87
Other Income/Expenses : ) 1480
Utilities |Water and Electricity $553.89
Allocations and Transfers Corporate and Division Overhead $282.35
Total $8,081.46




Worksheet2-A. Methyl Bromide - Use 1997-2000

For EPA Use Only
ID#

If a consortium is submitting this application, all data should reflect the actual data for the consortium.

Col A: Formulation of Methy! Bromide

formulations used.

Enter the appropriate data in Col B-M for each formulation, if known, and/or the totals and averages for all formulations. 1f you enter only the total and averages
for all formulations in the last row of the table, please describe in the comments section the formulations typically used, or the approximate proportions of the

. Gol B, E, H, K: Actual Area Treated
consortium, for the year indicated.

Enter the total actual area treated. Note: This number should be the total actual area treated by the individual user or total actual area for the entire

Col C, F, I, L: Actual Total Ibs. ai of Methyl

Bromide Applied individual user or the entire consortium, for the year indicated.

Enter the actual total pounds active ingredient (ai) of methyi bromide applied. Note: This number should be the total pounds ai applied by the

Col D, G, J, M: Actual Average Ibs. ai
Applied per Area

The average application rates in pounds ai of methyl bromide per area are automatically calculated from the previous 2 columns.

Area Is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

A B . C D E F G H } J K L M
Formulation of Methyl Bromide 1997 1998 1999 2000
Total Actual |Actual Total]l Average |Total ActualActual Total Average {[Total Actual|Actual Total] Average |Total Actual|Actual Total] Average
Area Ibs. ai of | - Ibs. al Area ibs. ai of Ibs. al Area ibs. ai of Ibs. ai Area Ibs. ai of Ibs. ai
Treated Methyl |Applied per| Treated Methyl |Applied per] Treated Methyl |Applied per] Treated Methyl |Applied per
Bromide Area Bromide Area Bromide Area Bromide Area
Applied Applied Applied Applied
over 95% methyl bromide . ’ 975 382,200 392
75% methyl bromide, 25% chloropicrin >
67% methyl bremide, 33% chloropicrin 646 160,208 248
50% methyl bromide, 50% chloropicrin
90% methyl bromide, 10% chioropicrin
__% methyl bromide, __% chloropicrin i’
All formulations of methyl bromide 1621 542,408 335] -

Comments: Methyl bromide Use 1997-2000

can be assumed that use rafes for 1997 to 1999 will be similar to that of the year 2000. Below is the calcufat

Table 2a. Southem Forest tree nursery use of methyl bromide in the year 2000 by crop type.

Species Production Trees/acre Production Acres Fumigated Acres
(millions)

Pines 1670 631,000 2,646 1,323

Longleaf 30 343,000 87 44

Hardwood 50 196,000 254 254

TOTALS 2,987 1,621

The basic mandate of our consortium has been research and technology transfer. As such we have not histori
bromide use numbers. We do have, however, seedling production inventories published by the U.S. Forest S
for the year 2000, which was obtained by surveying consortium members. We see no reason that annual Methyl bromide use rates will vary a great deal and it

ed methyl bromide use by crop type.

cally kept records of seedling production or methyl
ervice. More importantly, the Consortium has data

OMB Control # 2060-0482




Wre Ysheet 3. Alternatives - Feasibility f Alternative Pest Control Regime. .

Pu§pbse of Data on Alternative Pest Control Regimens: To estimate the loss as a result of not having methyl bromide
available. EPA needs to compare data (yields, crop/commodity prices, gross revenues and costs) on the use of methy! bromide
and alternative pest control regimens.

Complete each of the worksheets below (3-A, 3-B, 3-C, and 3-D) for each alternative pest control regimen listed in the
"U.S. Matrix" for chemical controls (www.epa.gov/ozone/mbr/cueqa.html) and the "International Matrix" for non-chemical
pest controls (www.epa.gov/ozone/mbr/cue). Each worksheet contains a place holder in the title for you to insert the
name of the specific alternative pest control regimen addressed. You should add additional worksheets as required. Please
add a number designation to each worksheet title to indicate a different alternative. For example, for the first aiternative pest
control regimen label the worksheets as 3-A(1), 3-B(1), 3-C(1 ) and 3-D(1). For the second alternative pest control regimen label

~ the worksheets 3-A(2), 3-B(2), 3-C(2), and 3-(D)(2).

Enter all alternative pesticides and pest control methods (and associated cost and yield data) that would replace one treatment of
methyl bromide throughout the fumigation cycle. See the fumigation cycle worksheet for a comprehensive definition.

Worksheet . Title
3-A Alternatives - Technical ~ This form is used to obtain information on the chemical alternatives identified
Feasibility ' by the Methyl Bromide Technical Options Committee (MBTOC) that are
;o - registered for use in the United States, as well"as the non-chemical
alternatives identified by the MBTOC. Applicants must address the technical
feasibility of all the chemical and non-chemical alternatives identified on the
_ list.
3-B Alternatives - Pest Control This form is used to estimate the cost of using alternatlve pest control
Regimen Costs regimens.
3-C Alternatives - Crop/ This form is used to estimate the crop/commodity yields and gross revenues -
Commodity Yield and Gross when using alternative pest control regimens.
Revenue
3-D Alternatives - Changes in Other| This form is used to estimate change in any other costs as a result of using
Costs : the alternatives.




F—FO,-EPA Use Only

ID#

- Worksheet 3-A. Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contalns 9 questions. You must complete one copy of worksheet 3-A for

| each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.
For worksheet 3-A you must comglete one worksheet for each alternative, for each research study addressed. Please number]

the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b) For the first alternative, third research study, label the
worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il, If you cite a study that Is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested [n this worksheet in a narrative review of one or more relevant
research reports, The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.} The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Gonduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit coples of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency

and explain why they cannot be used for your crop and in your geographic area.
' Use additional pages as needed.

Alternative: Basamid & Metam-sodium _ SfUdyi Many

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that Inhibit the use of this alternative on your site?
1a. Full use permitted . X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

if use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il




For EPA Use Only
ID#

Worksheet 3-A. Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

iSection Il. Existing Research Studies on Alternatives to Methyl Bromide

1, Is the study on EPA’'s webslte? Yes No X

_ 1a. If not on the EPA website, please attach a copy.
The consortium has conducted a great deal of research seeking a cost effective alternative to methyl bromide for the production of
bareroot forest tree nursery stock in the southeastern United States. The alternatives tested include a variety of chemicals either
alone or in combination, using varying application methods, as well as high temperature water, and plant growth promoting
rhyzobacteria. A complete list of these studies with their location and treatments tested can be found in the Appendix at the end of
Worksheet 3. A number of these studies have been included in this application. None are currently on the EPA website. Should the
EPA elect to place any of these studies on their website, however, we have no objection.

. Author(s) or researcher(s)

Most of the consortium research into methy! bromide alternatives has been done by Dr. William A. Carey with occasional
collaboration from other scientists. '
. Publication and Date of Publication

A large number of studies have been conducted since 1993. These have been published in a variety of formats. Some are reported
in refereed scientific journals, others have been internal to the consortium. A list of published reports on methly bromide substitution
research is provided in the Appendix at the end of this worksheet.

. Location of research study
Numerous studies geographically distributed throughout the southeastern United States.

. Name of alternative(s) In study. If more than one alternative, list the ones you wish to discuss.
As requested by the EPA, we will address only Basamid (dazomet) and metam-sodium as alternatives.

. Was crop yield measured in the study? " Yes X No
~ Crop vyield is invariably measured in consortium studies.

. Describe the effectiveness of the alternative In controlling pests in the study.

The Auburn University Southem Forest Nursery Management Cooperative has devoted considerable resources to the search for an
economically and technically feasible alternative to methyl bromide. (See Worksheet 5). A number of chemical and non-chemical
alternatives have been tried and a large volume of research data and analysis has been generated A list of these studies is provided
at the end of this worksheet and are cited in the discussions below. The Cooperative has looked intensively at both Basamid and
metam-sodium as methyl bromide substitutes. Studies have shown both Basamid and metam-sodium to be inadequate alfernatives
to methy! bromide for controlling pests under our circumstances.

BASAMID

a. Basamid provides poor weed control.

Weed control is essential for the production of quality bareroot planting stock. Without good weed control, seedling size is
compromised and this translates into decreases in survival and growth-when outplanted during plantation establishment. (See
Worksheet 3-D for a more complete discussion of the long-term econoimical impact of a decrease in seedling quality). Studies have
shown Basamid to be one of the worst compounds regarding Cyperus:spp. control in nursery beds (3, 5) [NOTE: Citations
provided in "List of References" in the Appendix at the end of this worksheet]. This poor weed control results in a decrease in
seedling quality or an increase in herbicide use and/or handweeding costs, with a subsequent increase in seedling cost.

b. Basamid has been inconsistent regarding Impact on seedling size.

Methyl bromide consistently produces larger seedlings compared to non-fumigated soil. While in some studies Basamid fumigation
treatments has produced seedlings of a size comparable to that of methyl bromide, there have been other studies where Basamid
treatment resulted in smaller lower quality seedlings ( 4, 5). This effect appears to be independent of weed pressure. This
inconsistency has also been observed by nursery managers that have operationally used Basamid.

¢. Basamid has been shown to have long-term negative Impact on certaln soll microorganisms.

Studies have shown that populations of the soil fungi Trichoderma take much longer to recover after Basamid applications when
compared to other fumigants, including methyl bromide ( 6, 17, 21). The impact of long-term use of Basamid on Trichoderma

- populations is unknown, but the implications are disturbing as Trichoderma are one of the most common classes of soil fungi and
are important to a healthy rhyzosphere.




d. Basamld has outgassed and resulted In damage to surroundlng seedlings

The active mgredlent in Basamid is methyl-rsothrcuocyanate (MITC) gas. Upon actlvatlon with water this gas provides the fumlgatlon
effect. There has been atigast one report of outgassing from an application of Basamid where a sighificant number of seedlirigs in
adjacent areas were damaged (20). Please see the following section on metam-sodium for a more complete discussion of this

topic.

METAM-SODIUM ,
a. Metam-sodium has serious problems with human and environmental safety

Early studies with metam-sodium showed it most effective as a fumigation treatment when combined with chloropicrin (6, 7). Metam-
sodlumlchloroplcnn combmatlons prov;ded pest conrol and seédling growth response équivalent to Methy—bromlde However, when
this treatment was moved from small research-scale apphcatlons to field- scale apphcatlons the results were disastrous. We have
documented cases of seedling damage from outgassing events at nurseries in Louisiana, Texas, Arkansas, Oregon (20), and
Montana (2). There are several cases where metam-sodium was applied as a fumigation treatment and subsequently outgassed
and killed a significant number of seedlings. In the case of the Texas nursery, a 1999 outgassing event resulted in the loss of
approximately 20 million seedlifigs and a law suit for the applicator. in addition, and more lmportantly, the gas typlcally follows
topography and poses a threat to anyone in the path of the gas cloud. Warning letters and photographs of the damagse are provided

in the Appendix at the end of this worksheet.

b. Matahi-sc‘ad'lu‘m alohe restuts In poor nutsedge (Cyperus spp) control

As a stand alone fumigation treatment, metam-sodium has been shown to provide poor weed control under forest tree nursery
conditions ( 3, 14, 18, 24). Poor weed control results in 2 decrease in seedling quality, mcreased herbicide use, and/or increased
handweeding and subsequently increased seedling cost.

¢. Metam-sodium needs to be rotovated into the soil for even distribution

The use of mechanical rototillers. have two serious disadvantages. The firstis a possible. decllne in soil- -quality as a result of intense
mechanical tillage. In at least one consortium trial there was an observed decline in nursery soil quality caused by damaged soil
structure. There is a tendency for a "plow pan" to form at the bottom of rototilled soil, with soll tilth and structure altered such that
drainage and aeration are negatively affected (1).  The second is the additional time required for thls operation. Metam-sodium
fumigation and rototilling increases application time by 300% over methyl bromide.

8. Discuss how the results of the study apply to' your situation. Would you expect srmllar results? Are'there other
factors that would affect your adoptlon of thls tool?

How do the resiilts of these studies apply to our situation? :
Thiese studies apply precisely t6 the conditions of the consortilm as they aré done on consortlum lands, under the exact ﬁeld
conditions where fumigation is and will be practicéd, distributed over the entire geographlc range of the consortium and repeated

over several years.

OMB Control # 2060-0482



Workshe__3-B. Alternatives - Pest Control Regimen Costs for Alternative
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ID#

Metam-sodium

ifa consoﬁium is submitting this application, the data for this table should reflect a representative user.

Col. A: Name of Product and
Non-chemicai Control

Enter all altematives and non-chemical pest control that would replace one treatment of methyl bromide throughout the fumigation cycle. See the Fumigation Cycle
Worksheet for a comprehensive definition of the fumigation cycle. Iif muitiple crops are grown

If someone other than the applicant previously benefited from the application of methyl bromide in the fumigation cycle and you do not have the quantitative data for the
crops grown on the same land, please indicate so in the comments section below.

Col. B: Target Pests

Be as specific as possible regarding the species or classes of pests controlled by the active ingredient or pesticide product.

Col. C: Active Ingredients -

Use one row for each active ingredient (ai). For example, if a product contains 2 ai's use 2 rows for that product. Once a row is completed for a given product, then only Col.
B (if applicable), C, and E need to be completed for additional rows regardin

Col. D: Formulation

Enter the formulation or the % of active ingredient.

Col. E, F, G: Application Rate

As a cross check, EPA is requesting both the amount of active ingredient in Col. E and product applied per area in Col. F. Indicate the unit of the product in Cal. G.

Col. H, |, J: Prices and Costs

Use 2001 prices and costs. If the product is custom applied you may enter the total cost in the fast column (Col. M) and override the formula. If a pesticide is applied by
the user, enter the price of the product in Col. H and the cost of applying it in Col. 1. Enter any other costs associated with applying this product in Col. J, specifying what
they are in the comments section at the bottom of this sheet. ’

Col. K: Area Treated

Enter the area receiving at least one application of the pesticide.

Col. L.: # of Applications per
Year

Enter the number of applications in a fumigation cycle comparable to methyl bromide for this alternative pest control regimen. Since this number is an average, it does not
need to be a whole number.

Col. M: Cost per Area in 2001
Dollars ]

Enter the cost per area in 2001 doflars. Col. M will be calculated automatically using the data you have entered for a chemical pest contro), or, the formula in Col. M can be

" averridden if the cost per area is known because the product was custom applied

Non-chemical Control

Enter data near the bottom of the form. Identify the control in Col. A. Enter the target pests in Col. B. Describe the non-chemical pest control Col. B-L. Enter the costs in
Col. M in 2001 dollars.

Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

Comments:

i you do not have the quantitative data for additional crops grown on the same land, please indicate so in the comment section.

A B c D E F G H | J K L M
Name of Product Target Pests Active Formulation of Appiication Rate . Price per | Costof Other Area #of Cost per
: ingredients Product n Unit of the] Applying | Costs per | Treated |{Applications{Area (2001$)
/
(al) in 'Z‘;:i ;::r rg::::fer Pr:duc:blsjnit Product | Pesticide [Application| atLeast per Year
Product p L P {eg, Ibs,, per Area per area Once
Application | Area per gals)
Application
Tarped metam-sodium weeds/fungi MITC 42%|210 Ibs 60|gallons 1] $ 2,000.00
(vapam sectagon) )
Non-Chemicai Pest Control Target Pests Description Costlarea
Confrol P
Total| $ 2,000.00

OMB Coantrol # 2060-0482
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1D

Basamid

If a consortium is submitting this application, the data for this table shouid reflect a representative user.

Col. A: Name of Product and
Non-chemical Control

Enter all allematives and non-chemical pest control that would replace one treatment of methyl bromide throughout the fumigation cycle. See the Fumigation Cycle

Warkshest for a comprehensive definition of the fumigation cydle. If multiple crops are grown during the interval between fumigations (e.g. tomatoes followed by peppers in a
. single growing season, or strawberries followed by lettuce over 2 or 3 years) Include all of the pesticides that replace methyl bromide for the entire interval. Do not include

pesticides that are used along with methy! bromide—enter only the additional pest control if methy! bromide were not available.

if someone other than the applicant previously benefited from the application of methyt bromide in the fumigation cycle and you do not have the quantitative data for the
crops grown on the same land, please indicate so in the comments section below.

Col. B: Target Pests

Be as specific as possible regarding the species or classes of pests controlied by the active ingredient or pesticide product.

Col. C: Active ingredients

Use one row for each active ingredient (ai). For example, if a product cantains 2 af's use 2 rows for that product. Once arowis completed for a given product, then only Col.
B (i appiicable), C, and & need to be completed for additional rows regarding the same product.

Col. D: Formutation

Enter the formutation or the % of active ingredient.

Col. E, F, G: Application Rate

As a cross check, EPA is requesting both the amount of active ingredient in Col. E and product applied per area in Col. F. Indicate the unit of the product in Col. G,

Col. H, 1, J: Prices and Costs

Use 2001 prices and costs. If the product is custorn applied you may'enter the fotal cost in the last column (Col. M) and override the farmufa. if a pesticide is applied by
the user, enter the price of the product in Col. H and the cost of applying it in Col. I. Enter any other costs assaclated with applying this product In Col. J, specifying what
they are in the comments section at the bottom of this shest.

Col. K: Area Treated

Enter the area receiving at least one application of the pesticide,

Col. L: # of Applications per

Enter the number of applications in a fumigation cycle comparable to methyl bromide for this afternative pest control regimen. Since this number is an average, it does not

Year ) need to be a whole number.
Col. M: Cost per Area in 2001 Enter the cost per area in 2001 dofiars. Col. M will be calculated automatically using the data you have entered for a chemical pest control, or, the forrula in Col. M can be
Dollars overridden if the cost per area is known because the product was custom applied. B ’

Non-chemical Controt Enter data near the bottom of the form. identify the control in Col. A. Enter the target pests in Col, B. Describe the non-chemical pest control Cot. B-L. Enter the casts in

Col. M in 2001 dollars.
Area Is defined below as follows for each user; acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

A

B

C

D

E

F

G

H

!

J

L

M

Name of Product

Target Pests

Active
Ingredients
/ {al)in

Product

Formutation of
Product

Application Rate

Ibs. al per
Area per

Appiication

Units of
product per
Area per
Application

Product Unit’

{e.g., ibs.,
gais)

Price per
Unit of the
Product

Cost of
Applying
Pesticide
per Area

Other
Costs per
Application

Area
Treated
at Least

Once

Fol
Applications
per Year

Cost per
Area (2001$)

weeds/fungi

MITC

98%

350/ac

3431ibs

$ 2,500.00

$ 0.00

$ 0.00
$ 0.00

0.00

$ 0.00

0.00

0.00

y 0.00

$ 0.00

$ 0.00

 0.00

$ 0.00

Non{:herﬁlcal Pest Control

Target Pests

Description

Costfarea

Comments:

1f you do not have the quantitative data for additional crops grown on the same land, please indicate so in the comment section.

l Total

$ 2.500.00

OMB Controt # 2060-0482
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For EPA Use Only
ID#

Basamid and Metam-sodium

Work et 3-C. Alternatives - Crop/Commodity Yield and Gross Re __ iue for Alternative

If a consortium is submitting this application, the data for this table should reflect a representative user.

The purpose of this worksheet is to identify the gross revenue for units (crop, commodity, structure) when using an altemative compared to gross revenue when using methy! bromide. Post-
harvest and structural users may modify this form to accommodate differences in operations when providing gross revenue data.

Col. A: Crop/Commodity Enter all crops/commodities that can be grown/treated during the same interval of time comprising a methyl bromide furnigation cycle. Please discuss
changes in crop cycles resulting from alternative use in the comments. See the Fumigation Cycle Worksheet for a comprehensive definition of the
fumigation cycle.

If someone other than the applicant benefits from the application of methy! bromide In the fumigation cycle and you do not have the quantitative data for
the crops grown on the same land, please indicate so in the comments section below.

Col. B: Price Factors Enter in Col. B any factors that determine prices (e.g., grade, time, market). If you received different prices for your crop/commodity as a resuit of quality,

grade, market (e.g., fresh or processing), timing of harvest, etc,, you may itemize by using more than one row. ltemize or aggregate these factors to the
extent appropriate in making the case that the use of aitemnatives affects these price factors.

Col. C: Unit of Grop/Commodity Enter the unit of measurement for your crop/commodity.

Col. D:. Crop/Commedity Yield Enter the number of units of crop/commodity produced per area for that price factor Identified.
Col. E: Price Enter the average 2001 prices received by the users for that crop/commodity and price factor.
Col. F: Gross Revenue In the electronic version, revenue is automatically calculated below using the data you entered for yield and price. If revenue is not equal to yield times

price, you may override the formula and enter a different revenue amount. Please explain why this revenue amount is different in the comment section
Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.
A B c D E ;. F
Crop/Commodity Price Factors Unit of Crop/Commodity Yield Price “  Revenue

(grade, time, market) Crop/Commodity {Units per area) (per unit of (per area)
(e.g., pounds, bushels) ] crop/commodity)

Pine seedlings size, species - 1000 trees . 575 $ 40.00 23,000.00
Longleaf size ) 1000 trees 274 $ 60.00 . $ 16,440.00
Hardwood size, species 1000 trees 156 $ 250.00 .- $ 39.000.00

y : $ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
$ 0.00
— $ 0.00
Total Revenue $1.152 million/Nursery

Comments: Gross Revenue of Alternatives

The same "representative user” was used in Worksheet 3-C as defined in Worksheet 2-C In terms of annual crop production and area. Since both methyl

bromide altematives provide the same results in our research trials, the estimation of gross revenue for a representative user is the same for both
compounds.

Research has shown that alternatives provide conservatively 2.2 fewer seedlings per square foot of crop area than does methyl bromide. 1t is essential,
however, to consider indirect effects (covered in Worksheet 3-D) to accurately assess the Impact of the loss of methyi bromide.

Table 3c. Calculation of the gross revenue for a “representative user” nursery in 2001 when using altemative fumigation treatments.

Crop Production . Acres Value/acre Revenue
Pines 25.0 Million 40.0 $23,000 $0.920 Million
Longleaf 0.5 1.5 : $16,440 0.037
Hardwoods ) 1.0 . 5.0 $39,000 $0.195
TOTAL REVENUE $1.152 Million

OMB Control # 2060-0482
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ID#
Work...eet 3-D. Alternatives - Changes in Other Cos.-for Alternative: Basamid and Metam-soaium

If a consortium is submitting this application, the data for this table should reflect a representative user.

Enter data only for costs (other than the cost of alternative pest controi) that change as a result of using the alternatives instead of methyl bromide. Enter the whole cost, not]
just the incremental changes. Enter the cost in Col. B for custom operation costs, or in Col. C and D for.operations done by user. ' :

Col. A: Operation or Cost Item ldentify the operations or cost items that change as a result of not using methyl bromide.

Col. B: Custom Operation Cost | Enter custom operation costs that change in Col. B.

Col. C, D, E: Costs per Area Enter in Col. C and D, material and labor costs per area that change for operations done by user. The total cost per area is calculated
automatically from the values you enter in Cols. C and D.

Col. F: Typical Equipment Used| Identify changes in the typical equipment used by the user as a result of not using methyl bromide. Please be specific such as tractor
horsepower. No cost data are required in this column. .

Area is defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications. -

A B C D E F
Operation or Cost ltem Custom Operation Done by User Typical
0 ti C . . y . h -
peration Cost per Area Material Cost Labor Cost Total.Cost Equipment Used
per Area per Area per Area
SEE COMMENTS
Total Custom per Area User Total per area
Comments:

Alternatives: Changes in Other Costs for Alternative

There are significant indirect costs associated with the loss of methyl bromide fumigation in forest tree nurseries. As pointed out in Section 3-A question 7, we do not currently
have a viable substitute for methyl bromide fumigation. What will be the "market disruption" to the forest tree nursery business, and more importantly, to the forest products
industry, with the loss of methyl bromide? In fact, the most serious market disruptions will not occur from an increase in the cost of soil fumigation, they will be the result of a
decrease in planting stock quality and an increase in planting stock price. The most serious consequences, therefore, will not be the direct effect of using a more expensive or
less effective fumigation altemative, it will be the long-term and indirect effect on the reforestation program in the southeastern United States.




Worksheet 3-D. Alternatives - Changes in Other Costs for Alternative: Basamid and Metam-sor*im

Comments Continued:

Research has consistently shown fumigation with Methyl bromide in forest tree nurseries to produce the following effects:
1 anincrease in the NUMBER of seedlings produced per unit of area (4, 5, 7, 8, 9, 10, 11, 13, 16)
2 anincrease in the average SIZE of seedlings (4, 5, 7, 8, 9, 10, 11, 16)
3 anincrease in WEED CONTROL (5, 6, 18)

The loss of methyl bromide, or the adoption of either metam-sodium or Basamid alternatives will cause a decrease in seedling numbers per unit of area, a decrease in average
seedling snze and an increase in weed control costs.

The cost of a reduction in seedling production per unit of area.

The bed density of bareroot pine seedlings in the southeastern United States is 878,000 per acre of bed. At $40 per 1,000 seedlings, this is a value of $35,000 per bed acre.
By increasing the number of saleable seedlings by only 1 per square foot of bed space, the value of a bed acre increases by $1,700. This is substantially more than the
historical cost of fumigation. Since methyl bromide fumigation has been shown to increase bed density by 2 to 7 seedlings per square foot, this is an increase in seedling
value of $3,400 to $11,900 per bed acre. (We used a conservative 2.2 seedlings per square foot in Worksheet 3-C.)

The cost of a decrease in average seedling size

it has been well established that larger seedling sizes translate into increased survival and growth during reforestation. For example, plantation managers can gam one full
year of growth on a plantation rotation of 20 years if they plant a seedling of 6.5 mm root collar diameter (grade 1) as opposed to a seedling of 4.5 mm diameter (grade 2). In
addition, there is 5% increase in survival for the larger seedling class. Consortium data indicates the net present value of this size increase can be $0.10 per seedling ( 10, 12
22). Research has shown that fumigation can double or friple the production of grade 1 seedlings in the nursery. When the effect of fumigation is multiplied over the 1.7
billion seedlings produced and the approximately 2 million acres planted annually in'the southeastem United States, the indirect effect of nursery fumigation is truly

staggening. Unless a fumigation alternative is found that can match the cost effectiveness of Methyl bromide, this industry-wide impact of nursery fumigation on forest
sustainability and productivity will be lost.

The cost of increased weed competition

Methyl bromide fumigation provides cost effective control of nutsedge (Cyperus spp) and its loss will result in an increase in herbicide use and/or an increase in handweeding.
Surveys indicate that nurseries annually spend an average of only 368 hours handweeding. We estimate that with the loss of methyl bromide fumigation, the amount of (5, 6)
handweeding may increase several fold. Although cost effective herbicides are available for forest tree nurseries, they are not effective against all weeds. We anticipate the
increase in weeding costs will be sufficient to result in higher seedling prices for both pines and deciduous hardwood species. Hardwoods may in fact be more adversely
effected as there are few selective herbicides labeled for hardwoods and fumigation is, in fact, the backbone of hardwood nursery weed control.

Seventy percent of all forest land in the southeastern United States is owned by non-industrial private landowners, with 20% owned by forest industry, and 10% public. Non-
industrial owners are highly sensitive to the price of reforestation. Studies have shown that a relatively small increase in reforestation costs results in fewer landowners
reforesting (15,19). This is particularly true for deciduous hardwood species that are usually planted for wetland restoration, wildlife, and aesthetic purposes. Given the
importance of non-industrial owners on the general timber supply in the region, a reduction in reforestation efforts by this group may have serious long-term negative impacts
on the sustainability of the resource. Moreover, in specific reference fo industry, they also must carry reforestation costs across an entire rotation. And while they rarely opt to
not reforest harvested acres, any increases in reforestation costs make them less competitive on the world market.

IN SUMMARY
The loss of methyl bromide fumigation in forest tree nurseries will have significant large scale disruptions that go well beyond the nursery. While direct effects on seedling

production, seedling quality, and seedling cost may in fact be documented, the true market disruption is the indirect effect on plantation establishment and growth amplified
over the millions of acres reforested every year in the region.

OMB Control # 2060-0482
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~ Auburn University

Auburn University, Alabama 36849-5418

School of Forestry

Southem Forest Nursery Management ' : . FAX: (3‘34) 844-4873
Cooperative Telephone: (334) 844-1044
Office of the Director

January 12, 2000

To:  All Nursery Coop Members
From: KenMec Nabb
.Coop Director

Through: Coop Advisory Committee

Subject:. ~ WARNING!!!!
REGARDING THE USE OF THE CHLOROPICR]N / SECTAGON®
_ COIV[BINATION FOR NURSERY FUMIGATION

One of the top research priorities.of the Nursery Coop has been to find a cost effective substitute
for Methyl Bromide. We have devoted considerable resources and time to that purpose over the
past 5 or so years. Bill Carey in particular has conducted a number of experiments throughout
the geographic distribution of the Coop to compare different fumigation possibilities. Hendricks
and Dale have been very supportive partners in this effort and assisted in the installation and
evaluation of these various trials. Over the course of these investigations the combination of
chloropicrin and Sectagon (methyl- isothiocyanate or MITC) has consistently shown itself to be
the best alternative to Methyl Bromide when considering pest control (both weeds and fungi) as
well as seedling response. MITC is also the active ingredient and major breakdown product of

‘dazomet (Basam1d®)

.There has beena very serious problem, however moving the chlor0p1cr1n / Sectagon treatment
from the experimental phase to actual large-scale nursery field application. At least two locations
within the Coop that have used this combination for field fumigation have experienced grave
consequences related to post-application drift. ~ One of these locations was the International
Paper SuperTree nursery in Bullard, Texas. - As a result of their experience, International Paper
has asked that a letter of warning be posted to all Coop members. You will note in their letter
that the fumigant drifted from the area of application and resulted in significant mortality to '
nearby seedlings. A similar drift problem occurréd wheh using only dazomet at the J. Herbert
Stone Nursery in 1988 (Scholtes 1989). Last November, another drift problem occurred in
California after Sectagon (used alone) was applied to a 160 acre potato field. There is, of course,
the possibility this type of mass drifting could be dangerous to nursery workers or neighbors.

Please review the attached letter from Rick Barham regardmg chloropicrin / Sectagon fumigation.
Nurséry managers should be aware of the risks associated with this treatment. Liability issues
should be discussed with the applicator. Bill Carey can also provide you ‘with information
regarding this fumigation treatment. Please weigh your options carefully.

A LAND-GRANT UNIVERSITY




An aerial view of seedling damage at
the Bullard, Texas nursery. The
fumigation (untarped metham sodium
plus chloropicrin) was applied in the
area in the foreground. Out-gassed
chemical moved downhill toward the
lake in the background

Figure 2 Closeup of the damage at the Texas
nursery. View from the road toward the
left in Figure 1.

Seedling damage at the Waynesboro,
Mississippi nursery resulting from an
untarped application of
chloropicrin/sectagon in the fall of 1999.
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Richard O. Barham Telephone: (601} 605-1250

Manager, Nurseries & Orchards Fax: (601) 6051252
Forest Resources . E-Mail: richard.barham@ipaper.com

December 03, 1999

Dr. Ken McNabb

School of Forestry

122 B M. White Smith Hall .
Auburn University, AL 36849-5418

Dear Ken:

This letter is to notlfy you of a chemical burn we have suffered on approximately 20 million
seedlings at our Texas SuperTree Nursery. | will explain to you in general terms what occurred.
| am requesting that you distribute a copy of this letter to all the Coop. advisory members, so
they wiil not use the same chemicals and procedures

On November 11, Hendrix and Dail fumigated 10 acres with a chloropicrin and Sectagon
mixture using a rotovate and roll procedure. Over the next several days the fumigate was
released from the ground and drifted over approximately 25 acres of seedlings. By the |
afternoon of November 13, the seedlings started to turn brown. We have tested the
photosynthetic activity of the stems and buds and there s little or no actlvity The majority of
the seedlings appear to be dead or dying.

This same thing happened at the Mississippi Forestry Commission’s Waynesboro Nursery in
October, but on a much smaller scale. No_nursery should atiémpt to use chioropicrin and / or
Sectagon without tarping it. And | feel before these chemicals are used further, we need to
know how and how much of these chemicals are released when the tarp is removed.

This event points out the importance of seeking a special use permit for methyl bromide for
forest tree nurserles. We need to push forward as a Coop. to achieve this goal.

If you or any of the Coop. membership would like more information, please contact me direclly
at 601-605-1250.

Sincerely,

“Richard O. Barham

SOUTH CENTRAL REGION - P, O, BOX 6002 RIDGELAND, MISSISSIPPI 39|58-6002
2 PARAGON CENTRE, SUITE 300 578 HIGHLAND COLONY PARKWAY - RIDGELAND, MS 39157




Auburn University
Southern Forest Nursery Management Cooperative

' APPLICATION FOR A METHYL BROMIDE CRITICAL USE EXEMPTION

APPENDIX TO WORKSHEET 3

LIST OF RESEARCH TRIALS ESTABLISHED BY THE AUBURN
UNIVERSITY SOUTHERN FOREST NURSERY MANAGEMENT
COOPERATIVE TO SEARCH FOR A METHYL BROMIDE ALTERNATIVE

YEAR

1994

1994

1994
1994
1994

1995

1996

1996

1997

1997

1997

1997
1998

LOCATION

Summerville, SC
Statesboro, GA

Summerville, SC

New Kent, VA
Statesboro, GA
Glennville, GA

Winona, MS -
Camden, AL
Glennville, GA

Tyler, TX
Camden, AL
Swansea, SC
Glennville, GA

Aiken, SC

Montezuma, GA
Glennville, GA
Beauregard, LA

TREATMENTS
MC33, Basamid, chloropicfin
MC33, Basamid, chloropicrin, Triform
Sectagon/chloropicrin, Basamid/chloropicrin
MC33, Basamid, Triform; cMoropicﬁn |
MC33, Triform, chloropicrin, bio-amendments
MCz2, MC33, Basaﬁlid

MC33, Triform, chloropicrin, Sectagon
Sectagon/chlorpicrin, Basamid

MC33, Triform/Sectagon/chloropicrin,
hot water S

MC?2, chloropicrin. Plant Growth Promoting
Rhyzobacteria

MC2, Triform, chloropicrin

. MC2, Plant Growth Promoting Rhyzobacteria

Plant Growth Promoting Rhyzobacteria

- chloropicrin, chloropicrin/Sectagon, .

chloropicrin/Eptc, chloropicrin/Sectagon/Eptc




1998

1999

1999

1999

1999

2000
2000
2001
2001

2002

 Atmore, AL

Glennville, GA
Georgetown, MS

Chatsworth, GA

Montezeuma, GA

Summerville, SC
Alto, TX |
Statesboro, GA
Ashburn, GA

Aiken, SC

MC33, chloropicrin, chloropicrin/Eptc
all w/wo Plant Growth Promoting Rhyzobacteria

MC33, chloropicrin/Sectagon (variable rates

chloropicrin) (numbered compound)

Chloropicrin/Sectagon (variable rates)
(numbered compound)

- MC33, chloropicrin, chloropicrin/Sectagon
.- chloropicrin/Eptc, all w/wo Plant Growth

Promoting Rhyzobacteria

. Chloropicrin/Sectagon (chioropicrin/mumbered

compound), Eptc

Chloropicrin/Sectagon, Eptc (for Hardwoods)
Chloropicrin/Sectagon, Eptc (for Hardwoods)
Methyl Iodide, Basamid, telone, metham sodium

Methyl Iodide, Basamid, telone, metham sodiumv

Methyl Iodide, Basamid, telone, metham sodium




- Auburn Umvers1ty
Southerti Forest Nursery Management Cooperative

APPLICATION FOR A METHYL BROMIDE CRITICAL USE EXEMPTION
APPEN])]X TO WORKSHEET 3

REPORTS PUBLISHED BY AUBURN.NURSERY COOPERATIVE

SCIENTISTS REGARDING THE USE.OF METHYL BROMIDE AND THE

10.

11.
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" SEARCH FOR ALTERNATIVES

Carey, W.A. 1994, Alternative fumigants: effects on seedling producﬁon. Auburn
University Southern Forest Nursery Management Cooperative Newsletter, Spring

VCarey, W.A. 1994. Fumigation trials. Auburn University Southern Forest Nursery

Management Cooperative Newsletter, Fall.

Carey, W.A. 1994, Chemical alternatives to methyl bromide. In Proceedings of the
Combined Southern/Northeastern Forest Nursery Conference July 12-14,
Williamsburg, VA. pp 4-11.

Carey, W.A. 1994. Historical efficacies of fumigants in forest tree nurseries. Auburm
University Southern Forest Nursery Management Cooperative Newsletter, Fall.

Carey, W.A. and W.D. Kelley. 1994. Evaluating soil fumigants to replace methyl
bromide. (Abstr.) In Proceedings of the Southwide Forest Disease Workshop,

' June 7-9, 1994, Asheville, NC.

Carey, W.A. 1995, Testing Alternatives to ‘Methyl Bromide Fumigation at New Kent
Nursery. Auburn University Southern Forest Nursery Management Cooperative
Research Note 95-1, 4pp. :

Carey, W.A. 1995. Beneﬁts of Fumigation in Southern Forest Nurseries. In. Annual
Internal Research Conference on Methyl Bromide Alternatives and Emissions
Reductions. Nov. 6-9, 1995. San Diego, CA.

‘Carey, W.A. and David South. 1995. More Fumigation Economics. Auburn University

Southern Forest Nursery Management Cooperative Newsletter, Fall.

Carey, W.A. 1996. Fumigation News. Auburn University Southern Forest Nursery
Management Cooperative Newsletter, Spring.

Carey, W.A. 1996. Testing alternatives to methyl bromide fumigation in southern forest
tree nurseries. In. National Proceedings: Forest and Conservation Nursery
Association-1996. U.S.D.A. Gen. Tech. Rept. PNW-GTR-389.282 pp.

Carey, W.A. 1996. Testing alternatives to methyl bromide fumigation at the Winona
Nursery. Auburmn University Southern Forest Nursery Management Cooperative
Research Report 96-2.

Carey, W.A. and Ken McNabb. 1996. The loss of methyl bromide as a fumigant in forest -
tree nurseries and the impact on reforestation programs. Auburn University
Southern Forest Nursery Management Cooperative Technical Note 96-2.
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Carey, Bill. 1997. Increasing weed control of methyl bromide alternatives. Auburn
University Southern Forest Nursery Management Cooperative Newsletter, Spring

Carey, W.A. 1997. A single nursery test of hot water, 1, 3-D and metham-sodium as
alternatives to methyl bromide. Auburn University Southern Forest Nursery
Management Cooperative Research Report 97-7.

Carey, W.A. and S. Enebak. 1998. Pine seedling production as affected by fumigation
and plant growth promoting rhizobacteria at a Georgia nursery. Auburn
University Southern F orest Nursery Management Cooperative Research Report
98-2.

Carey, W.A. 1998. Loblolly seedling productlon, soil fungi and nematodes in the first
two crops after fumigation at the Texas Supertree Nursery. Auburn University
Southern Forest Nursery Mafiagement Cooperative Research Report 98-3.

Carey, W.A. 1998. Comparison of fumigants and herbicides for the control of purple
nutsedge at the Flint River Nursery. Auburn University Southern Forest Nursery
Management Cooperative Research Report 98-7.

Carey, William A. 1998. Chloropicrin with metham-sodium and eptam for nutsedge
control and the production of southern pine seedlings. In: Proc. Annual
International Research Conference on Methyl Bromide Alternatives and Emission
Reductions. Orlando, FL Dec 7-9, 1998. pp.32-1 to 32-2.

Carey, W.A. 1999. A comparison of chloropicrin, metham-sodium, and EPTC
combinations as methyl-bromide alternatives at three nurseries. Auburn University
Southern Forest Nursery Management Cooperative Research Report 99-2.

Carey, William A. 1999. Economics aspects of fumigation in southern forest nurseries.
Methyl Bromide Alternatives. 5 (4):8-9.

Carey, Bill. 1999, The Forest Service assessment for methyl bromide replacement.
Auburn University Southern Forest Nursery Management Cooperative Newsletter,
Fall.

Carey, William A. 2000. Fumigation with chloroplcnn, metham sodium and EPTC as
replacements for methyl bromide in southern pine nurseries. South. J. Appl. For.

Carey, Bill. 2000. Producing southern pine seedlings with methyl bromide alternatives.
In: Proc. Annual International and Emission Reductions. Orlando, FL Nov 6-9,
2000. pp. 51-1to 51-3.

Carey, W.A. 2000. Seedling production and weed control by a potential replacement for
methyl bromide at the Flint River Nursery. Auburn University Southern Forest
Nursery Management Cooperative Research Report 00-3.

Carey, W.A. 2000. Seedling production and weed control by alternative fumigants,
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Wofksheet 4, Alternatives - Future Research Plans

)

For EPA Use Only
ID#

Please describe future plans to test alternatives to methyl bromide. (All available methyl

- bromide alternatives from the alternatives list should have been tested or have future tests

planned.) There is no need to complete a separate worksheet for future research plans for
each alternative - you may use this worksheet to describe all future research plans.

. Name of study: Various studies

. Researcher(s): The Auburn University Southern Forest Nursery Management Cooperative under the technical

guidance of Dr, William Carey

. Your test is planned for:  Fail 2002 and continuing

. Location: . Several locations throughout the South

. Name of alternative to be tested:

We will continue to test methyl iodide, chloropicrin, eptc, and probably azides.

. Will crop yield be measured in the study? Yes X No

* If additional testing is not planned, please explain why. (For example, the available alternatives

have been tested and found unsuitable, an alternative has been identified but is not yet
registered for this crop, available alternatives are too expensive for this crop, etc.)

We will continue to actively pursue an alternative

OMB Control # 2060-0482




For EPA Use Only
iD#

Worksheet 5. Additional Information
y 1. How will you minimize 'your use and/or emissions of methyl bromide?
1a. Check all methods youwilluse ___ Nothing
_ X Tarpaulin (high density polyethylene)
____Virtually impermeable film (VIF)

Cultural practices {please specify)

1b. Will you use other pesticides to reduce use of methyl bromide? Yes X No

If yes please specify. Increased use of herbicides in cover crops

1c. Other non-chemical methods: (please specify):

2. Doyou have access to recycled methyl bromide? Yes No X

If yes, how many pounds? Ibs.

3. Doyou anticipate that you will have any methyl bromide in storage on .
January 1, 20057 Yes No X

If yes, how many pounds? lbs.

4. What is the cumulative amount spent to date by the user or consortium
on research to develop alternatives to methyl bromide (begmmng in
1992)? $ 1,266,673.00

5. Other investments, if any, made to reduce your reliance on methyl bromide. Describe each
mvestment and its associated cost.

We are pursuing compounds that can better control problem weeds such as Cyperus spp.

6. Identify what factors would allow you to stop or reduce your use of methyl bromide
(e.q. registration of partlcular pesticide; completion of research plan; capital outlay).

Only an effective alternative will reduce our use.

When do you expect these to ocour? ,
Unknown

7. Range of acres farmed by growers includéu’d' in this apblication?
(insert number of users in each category)

0-10 acres

10-25 acres
10 25-50 acres
25 50-100 acres

20 100-200 acres
' 200-400 acres
over 400 acres




For EPA Use Only
- ID#

Worksheet-5. Additional Information (eo'ntinu.ed-)ﬁ-;

‘3. Range of square feet of the area to which applicants included in
this application will apply methyl bromide? (insert number of users in
each category)

__0-5,000sq. 1.

____ 5,001 - 10,000 sq. ft.
___ 10,001 - 20,000 sq. ft.
___ 20,001 - 40,000 sq. ft.
40,001 - 80,000 sq. ft.
80,001 - 160,000 sq. ft.
_55 over 160,000 sq. fti.

Worksheet 5 Estimating the cost of Coop research into MBr alternative

The Coop. estimates that the search for alternatives to MBr have occupied a third of our research effort since 1993. With an
annual operating budget of $200,000 this would be $666,000. This includes about 50%. of the time for one Research Fellow
and 10% and 25% respéctively of two Technicians that are full time employses of the Coop but does not include the time of
Auburn faculty associated with the Coop. The Contribution of Auburn University through faculty salaries of those three
members closely associated with the Nursery Coop. during this period shouid add approximately $150,000. - '

A substantial contribution to research but not funded by the Auburn Coop has been the efforts by Dr. Scott Enebak into
potential biological methods (primarily Plant Growth Promoting Rhyzobacteria research) to offset the loss of MBr. Since
1996, Dr. Enebak has generated $300,792 in grants for his PGPR research. To those grants, Auburf has contributed
$108,000 for a full time technician and student workers who have been employed in this research for a total of $411,612 for
PGPR and fumigation research. ’ ) ’ ' ,

The contribution of Hendrix and Dail to our research effort is calculated as $39, 061. This fi igure wouId not purchase the
~ materials and labor on the open market. No commermal company would haul matenals to Texas 2,000 mile round trip, to
treat half an acre for $3,000.- : : :

The research within the Coop is highly cooperative. Nothing can be done without the cooperation of the nursery that agrees
to allow the study to be placed on its production beds. It is very difficult to estimate the dollar contributions of these
cooperating nurseries. For several studies the host nursery has just set the study area aside and not included it in its
inventory of sold seedlings from treatment piots. In several studies seedlings from treatment plots have not been salable.
The fate of seedhngs within a study area ofteri depends on market demands. In all instances we have received labor help
from the host nursery: It is certain that the dollar value for this contribution is not zero; but very difficult to estimate.

We estimate cost of MBr replacement research associated with the Auburn Nursery Coop (the sum of bold face) fi gures to
have been $1,266,673 between 1993 and 2002. .

| certify that all infor! aﬁon contained in thi ent is factual to the best of my knowledge.
Signature Date 9,69& 5/ 0 ;

Print Name , /<C W /Vl /f/a LA © Title CDV\ S0 f‘+l TRLEN (D) r fc_[Lb r
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Worksheet 5. Additional Information

Information in this application may be aggregated with information from other applications and used by the United
}  States government to justify claims in the national nomination package that a particular use of methyl bromide be
considered "critical” and authorized for an exemption beyond the 2005 phaseout. Use of aggregate data will be
crucial to making compelling arguments in favor of critical use exemptions. By signing below, you agree not to
- assert any claim of confidentiality that would affect the disclosure by EPA of aggregate information based in part on

information contained in this application.
Signature ' /é—» %M Date 5 ﬂ,«/y&. % L 2
7 4 174 /’
\
Print Name KCV\ /MC Wa AL Titte Cou 4 0/‘7% U m O,\ re/;jLO r

Burden means the total time, effort, or financial resources expended by persons to generate, maintain, retain, or disclose or pravide information to or for a Federal agency. This includes the time
needed to review instructions; develop, acquire, install, and utilize technology and systsms for the purposes of collecting, validating, and verifying information, processing and maintaining
information, and disclosing and providing information; adjust the existing ways to comply with any previously applicable instructions and requirements; train personnet to be able to respond to a
callection of information; search data sourcas; complete and review the coflection of information; and transmit or otherwise disclose the information. Public reporting burden for this collection of
information is estimated to average 324 hours per response and assumes a large portion of applications will be submitted by consortia on behalf of many individual users of methy! bromide. An
agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a current OMB control number.

OMB Control # 2060-0482
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Workshe __ 8. Application Summary

For EPA Use Only
1D#_

—

This worksheet will be posted on the web to notify the public of requests for critical use exemptions beyond the 2005 phase out for methyl bromide. Therefore, this worksheet cannot be claimed as CBI.

1. Name of Applicant:

Auburm University Southem Forest Nursery Mgt. Cooperative

Auburn University, AL

2. Location:

3. Crop: Forest Tree Seedlings

4. Pounds of Méthyl Bromide Requested 2005 542,408

5. Area Treated with Methy! Bromide 2005 1621 acre units

6. If methyl bromide is requested for additional years, reason for request:

Crops are fumigated annually. No possible altematives.

2006 542 408 Ibs. Area Treated 1621 acres  units
2007 542 408 ibs. Area Treated 1621 - acres  units

Place an "X" in the column(s) labeled "Not Technically Feasibie” and/or "Not Economically Feasibl

B

alternative is not feasible.

" where appropriate. Use the "Reasons” column to describe why the potential

Potential Alternatives " _ Not Not Reasons’.  /
Technically | Economically
Feasible Feasible
Basamid X Proven human and environmental risks, lack of consistently demonstrable effectiveness, loss in crop quantity
Methan-Sodium and qualily, long term negative impact on forest industry sustainability. - .




PHYTOXICITY WITH METAM SODIUM
Robert J. Buzzo '

In: Riley, L.E.; Dumroese, R.K.; Landis, T.D. (Compilers). 2002 National
Nursery Proceedings - 2002. Proceedings RMRS-P-000. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research

Station.

R.J. Buzzo is Olympia Nursery Manager, Lawyer Nursery, Inc. 7515 Meridian
Rd. SE, Olympia, WA 98513; email: lawyernsy@thurston.com

ABSTRACT

Lawyer Nursery in Olympia, Washington fall fumigated fallow nursery ground
with Vapam and Telone IT and Vapam and Telone C-17 from 1998 through
2001. This fumigation provided excellent results when hardwood and conifer
seedlings were sown into the treated areas the following spring. Seedling
crops were larger and suffered less mortality than crops sown into
unfumigated ground. The fall 2001 fumigation, however resulted in
significant damage to established Pinus crops growing adjacent to and up to
400' from the fumigation area as a result of MITC escaping from the soil
into the atmosphere.

INTRODUCTION

Lawyer Nursery, Inc., of Plains, Montana, established itself on the
West Coast in 1988 when the company purchased a 120-acre nursery site in
Olympia, Washington. This property was developed as a forest nursery in
1970 and was operated by an industrial forest seedling producer until 1985,
In 1991, the company purchased an additional 55 acres adjacent to the
nursery and Lawyer Nursery currently produces an annual crop of 7-8 million
bare root seedlings and transplants on the 175-acre nursery site. Lawyer
Nursery in Olympia grows approximately 300 species of seed propagated
woody trees and shrubs for a number of markets, including ornamentals,
conservation, forestry, Christmas trees, commercial orchards, etc.
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This discussion will document soil fumigation experience at Lawyer
Nursery in Olympia and evaluate the effectiveness and phytotoxicity of the

chemical fumigant Vapam HL.

DISCUSSION

When T came to the nursery in 1989, my recent nursery background
was in forestry seedling and Christmas tree production. At that time, -
periodic soil fumigation with Methyl Bromide/Chloropicrin (MBC) was a
standard practice in the industry. I utilized this technology in the fall of
1991 through 1993. We achieved typical results with the MBC fumigation in
terms of reduced seedbed mortality and excellent weed control, but we
struggled with stunted 1-0 conifers which we attributed to mycorrhizal
starvation. In 1994 we sowed a fumigated field with several species of Acer-
The subsequent poor growth was so dramatic that we discontinued the use
of MBC for soil fumigation. This response of Acer, thought to be associated
with the loss of beneficial mycorrhizae was reported by Regan in 1996. Many
hardwood trees, including Acer associate themselves with endomycorrhizal
fungi, which have spores that are only soil borne. This means that re-
innoculation can be a slow process if fumigation damages endomycorrhizal
fungi. (Davey 1994) For the next several years, we utilized crop rotation
and post plant fungicide applications to control soil borne pathogens in our
seedbeds. We considered soil pathogens to be a much less formidable
obstacle to seedling production than the lack of beneficial mycorrhizal fungi.

Interest in alternative chemical fumigants to MBC were studied as
early as 1986 (McElroy 1986) because of the relatively high application cost
of MBC, the fear of regulatory intervention, and the acute toxicity of MBC.
Two chemicals, metam sodium (Soil Prep, Vapam Metam, Nemasoll) and
dazomet (Basamid) were evaluated in 1985 (Campbell and Kelpsas, 1986) and
were found to perform as well as-‘MBC in terms of seedling survival and
growth. When MBC was listed as a potential ozone depleter in November of
1992 and assigned a phase out schedule by the EPA, more studies on
alternative fumigation chemicals were undertaken in the South. (Carey 1994)
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In 1998, Lawyer Nursery participated in a small soil fumigation trial
comparing Vapam, Vapam and Telone II, Telone C-17, and Telone C-35.
Telone C-17 is a combination of Telone (1-3-dichloropropene) and
17 %Chloropicrin and Telone C-35 is a combination of Telone and
35%Chloropicrin. (Dow AgroSciences 1999) This 4 acre trial was done in the
fall of the year and and the following spring, the area was sown with several
species of deciduous and conifer crops. The performance of the crops that
were sown into the fumigated ground in 1999 was quite dramatic in terms of
increased seedling size and reduced seedbed mortality in the
Vapam/TeloneIl, plot compared to the non-fumigated control. The seedling
performance in the Telone C-17 and Telone C-35 plots was better than the
unfumigated control, but not as good as the plot with the Vapam. It was my
feeling that Vapam reduced soil pathogens without eliminating beneficial
mychorrizae fungi. Based on the results of this trial, we hired a contractor
to treat 13 acres with Vapam/Telone IT in 1999. The rates were 30 gal/A
for Vapam and 24 gal/A for Telone II.

We spring sowed both deciduous and conifer crops into the fall 1999
fumigated soil and the results were again very promising The seedlings in the
fumigated soil sized up better and we noticed less seedbed mortality in the
fumigated areas compared with seedling crops in non fumigated areas. In
the fall of 2000 we increased the Vapam rate to 60 gal/A in an effort to
improve weed control. We fumigated 18 acres that year with Vapam and
Telone; the Telone rate remained at 24 gal/A. The performance of the
seedlings planted into the fields fumigated in the fall of 2000 was again very
dramatic. We continued fo see good size and reduced seedbed mortality.
Weed control was erratic, however. In some of the fumigated areas, the
population of weed seeds was significantly reduced, while in others, we did
not see any significant reduction in the number of weeds. In 2001, we
decided to use the combination of Vapam at 60 gal/A and Telone C-17 at 23
gal/A instead of Telone II. We fumigated 28 acres in the fall of 2001. The
seedbeds in the fumigated areas continued to show the same results we had
seen the previous two growing seasons in fumigated soil.

In 2002 we sampled soil in deciduous 1-0 seedbeds 10 months after
fumigation to see if a soil pathogen assay would confirm what we saw when
we visually compared crops in fumigated soil with similar crops sown in non
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fumigated soil. These results are summarized in Table 1 and they confirm
that Vapam is effective at reducing the levels of Pithium and Fusarium. Tt is
my feeling that Vapam reduces pathogen levels without severely impacting
mycorrhizal fungi levels and this is what made this material so appealing to
Lawyer Nursery. I do not have data other than crop performance to support

this hypothesis.

Weed control with Vapam continued to be erratic; in some areas the
chemical had reasonable efficacy on weed seeds, while in others we saw
little, if any, affect on weed control.

Vapam HL, or metam-sodium (4.261b ai/gal) is a dithiocarbamate
aqueous sodium salt. The Stauffer Chemical Company first patented Vapam
in 1956. (Herbicide Handbook 2002) Fumigation of soil with metam-sodium |
was discovered in 1950 and it was reported as early as 1962 as a soil
fumigant in a forest nursery. (Hodges 1962) Metam sodium is considered to
be a MITC generator because it is quickly broken down in moist soil to
methylisothiocyanate (MITC). MITC is toxic to nematodes, fungi, bacteria
and insects in the soil. (Herbicide Handbook 2002) This chemical gained
some notoriety outside of the nursery industry in July of 1991 when a train
derailment in Northern California resulted in the spill of approximately
13,000 gallons of Vapam into the Upper Sacramento River. This spill killed
virtually all of the aquatic life in 40 miles of the river; from the site of the
spill to where the river empties into the Shasta Reservoir. (Fechner-Levy
1991)

No phytotoxicity to crops as a result of Vapam fumigation was noted
at Lawyer Nursery in 1998 or 1999. In the spring of 2000, a strawberry
grower in Olympia treated a portion of his farm that is adjacent to the
nursery with Vapam. This rotovate and roll application is a standard
procedure for this grower and several days after the application I noticed
some needle burn on approximately 100 Pinus monticola 2-1 transplants. This
was in early spring prior to bud break and the cause of the needle necrosis
was not readily apparent to me. This bed of transplants ran perpendicular to
the neighbor's fumigation path and the end of the bed was within 50’ of the
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Vapam application. A significant number of trees at this end of the bed were
affected and the concentration of affected crop declined in the bed as the
distance from the fumigation increased. We sent samples of these affected
trees to WSU Puyallup and they noted no pathogens or insects that could be
attributed to causing the needle necrosis, so we concluded that Pinus
monticola had some degree of sensitivity to Vapam. The percentage of the
crop affected was insignificant and the trees broke bud and looked fine
later in the growing season, so we did not give the matter much additional
thought.

In the fall of 2000, I discussed the Pinus phytotoxicity incident of
the previous spring with the fumigation contractor and because the areas
that had been designated for fumigation were not near Pinus crops, we
proceeded as we had the previous year. The application method utilized by
the contractor was to inject a portion of the Vapam at a depth of 6-9" and
spray a portion of the Vapam on the soil surface. Just behind the surface
nozzles was a cultipacker which pushed a burm of soil over the treated
surface soil, thus rolling the Vapam under the soil surface, and sealing the
surface with the cultipacker. The label suggests that light watering or a
tarp after rolling helps prevent gas escape. (AMVAC 1997) The Telone C-17
was injected at a greater depth with a separate tractor. We did not see any
phytotoxicity in the nursery in 2000 following the Vapam fumigation.

In the fall of 2001, we did have some Pinus monticola transplants
growing in close proximity to the areas we had designated for fumigation.
We discussed this with the fumigation contractor and the decision was made
to inject all of the Vapam at depths of 3 and 9 inches. Again, a cultipacker
- behind the application shanks sealed the soil.

The 2001 fumigation was done on September 26, 27, and 29. I was
away from the nursery during the week following the fumigation application
and when I returned to the nursery, I was advised by staff that a number of
conifer crops adjacent to the fumigated areas were showing signs of
distress. When T inspected the crops on October 8, 2001, T discovered that
a significant number of Pinus and some Picea crops were exhibiting signs of
Vapam injury. These symptoms are discolored needles that appear “bleached
out”. In some trees, only a portion of the needles showed this affect, and in
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others, every needle on the tree was affected. Inall, 13 species of Pinus
and 6 species of Piceawere affected. In some crops, only sporadic individual
trees were affected and in other crops, as many as 90 percent of the
population was affected. Of the damaged Pinus crops, 6 of 13 affected
species suffered damage to over 40 percent of the population. The damage
to Picea crops exceeded 4 percent inonly 1 of the 6 species that were
affected. Most of the damaged trees were within 50’ of the fumigated
areas, but one crop of Pinus banksiana, which sustained considerable damage,
was over 400' from the source of the chemical.

It appeared that the MITC emerged from the soil and was held close
to the soil surface either by an inversion or a very still air event. This type
of condition is not uncommon during late September and early October in
Olympia, as the days are generally warm with cool, calm nights. The
unaffected portions of crops that suffered heavy damages were in areas
such as the ends of beds, which were slightly elevated from the rest of the

crop.

The Washington State Department of Agriculture investigated the
incident to determine if the application was within the guidelines of the
product label. The Department speculated that,” Some escape of fumigant is
almost unpreventable unless the soil is tarped immediately after the
application.” The investigator also stated in the report, "I believe in this
particular case, the applicator could have followed all the label directions
and still caused the damage.” (WSDA 2001) The Department concluded that
the application was in compliance with the Vapam label.

Similar damage to Pinus crops as a result of metam sodium or dazomet
have been reported previously on at least 4 occasions. In the fall of 1988,
Pinus monticola seedlings were damaged at the J Herbert Stone Nursery in
Central Point, Oregon as a result of fumigation with dazomet (Basamid)
(Scholtes 1989) Dazomet is also considered a MITC generator, as the
immediate breakdown product of dazomet is also methylisothiocyanate.
(Landis, Campbell 1989) In this case, an untarped application of dazomet
coupled with an inversion layer caused damage to non-target crop (Pinus
monticola) seedlings. Unfortunately I did not read the published report of
this incident until after the 2001 fumigation at Lawyer Nursery. More
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recently, in November of 1999, an International Paper Nursery in Texas lost
20 million seedlings after fumigation with a mixture of Sectagon (metam
sodium) and Chloropicrin. (Peoples 2001 ) A similar, but less severe incident,
in terms of numbers of damaged seedlings, occurred at the Mississippi State
Nursery, also in the fall of 1999. Another other crop injury incident involving
metam sodium damage to Pinus seedlings occurred at the Arkansas State

Nursery about 10 years ago. (Carey 2002)

CONCLUSION

The reported incidents of phytotoxicity to crop seedlings as a result
of metam sodium or dazomet fumigation would indicate that certain conifer
trees, particularly those of the genus Pinus, are very sensitive to MITC
exposure. Based on our experience, Pinus foliage is significantly more
sensitive to MITC than any of the other 300 species of woody trees that we
grow. Of the more than 78,000 trees that were damaged at Lawyer
Nursery, over 95 percent were pines. Had I researched Vapam prior to using
this chemical in the nursery as thoroughly as I did to prepare this paper, I
would probably have still used the material and been able to do so wrrhouf
damaging non target crop.

I think it is safe to speculate that while not all nursery managers
read the entire nursery meeting proceedings every year, they do read the
product labels for the pesticides they use. It is my feeling that the
pesticide label is the most efficient place to publicize known risks to crop
that may result from the application of a particular pesticide. Certainly
there are risks of crop injury associated with many pesticides used by
nursery growers. In the case of Vapam, there are a number of precautions
that could be taken to minimize or eliminate the risk of crop injury. These
would include not using the chemical within- 400’ of Pinus seedlings, and
sealing the chemical in the soil more effecﬂvely with irrigation water or a
tarp. It is my feeling that Vapam offers nursery growers an additional tool
to reduce the impact of soil borne pathogens on bare root nursery crops. If
known risk associated with use of this product, such as the documented
sensitivity of Pinus seedlings, was identified on the product label, the
effectiveness of this tool in the nursery would be much improved.
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TABLE !

SOIL PATHOGEN LEVELS DETECTED 10 MONTHS AFTER SOIL FUMIGATION

PHYTOPTHTHORA PYTHIUM FUSARIUM
(PROPAGULES PER GRAM OF SOIL)

FUMIGATED SOIL 0 80 (VL) 880 (H)
ACER RUBRUM 1-0

UN-FUMIGATED SOIL 0 410 (H) 2000 (VH)
ACER CIRCINATUM 1-0

(VL) = VERY LOW NUMBERS OF PROPAGULES OF THE PATHOGEN ISOLATED PER 6RAM OF SOIL SAMPLE
(VL)= NUMBERS: (H) = HIGH NUMBERS: (VH) = VERY HI6H NUMBERS OF PROPAGULES ISOLATED

SOIL FUMIGATION 9-27-01 VAPAM/ TCI7 PATHOGEN ASSAY 7-27-02 BY RIBEIRO PLANT LAB INC
SOIL SAMPLES WERE TAKEN FROM 1-0 SEEDBEDS
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. Ken McNabb - citations '

From: David South <southdb@auburn.edu>
To: <mcnabb@forestry.aubum.edu>
Date: 8/16/2002 3:56 PM

Subject: citations

dazomet reduces mycorrhiza

Recovery of growth potential of nursery stock produced on biocide-treated

soils., 7
AU: JG; Chesters,-G; Wilde,-SA
SO: 069, Silva. fenn, 1969 3

(4), (226-33). [17 refs.].

PY: 1969

LA:  English

LS:  English, Finnish
AB:

Reports studies on nursery stock of: Picea glauca raised in soil treated
with Mylone, and Pinus radiata and P. resinosa in soil treated with Vapam.
Plants from treated plots were very succulent, had abnormally high
shoot/root and height/diam. ratios, and very low sp. gr. and root surface
area. Some fumigants impede mycorrhizal development and arrest P uptake.
Recovery of balanced growth potential was achieved by appilication of
Al2(S504)3 and/or fermented compost inoculated with mycorrhiza-forming fungi.

Notes No. 42, 1960 (23.7). 12 refs.

PY: 1960
LA:  English
AB: The

following treatments were tested: (1) MeBr (a) at 1 Ib. /.150 sq..ft. (300
Ib./acre) under a polythene cover, (b) vaporized and released at 300
Ib./acre under polythene covers laid down by an automatic covering device,
(c) as Brozone (50/50 MeBr and petroleum carrier) at 175 Ib./acre injected
into the soil and covered with polythene or left uncovered; (2) Vapam (a)
at 50 and 100 gal./acre drenched into the soil with 1300 gal. water, or (b)
at 50 gat./acre drenched into the soil and covered for 2 days with
polythene. All treatments except (2a) gave increased seedling growth and
reduced weeds, Brozone being regarded as particularly promising, since its
application is highly mechanized (injected into the soil with chisel
applicators and the soil then covered with polythene) and 6 acres/day can
be treated vs. 1 acre by the standard method. Additional tests were made
with a weedkiller, Eptam (ethyl di-n-propyl-thiolcarbamate) and a

file://C:\Documents%20and%20Settings\mcnabki\Local%20Settings\Temp\GW }00001.H... 8/16/2002




Chemical Alternatives to Methyl Bromide'

W. A. Carey?

Abstract—Three soil fumigants were evaluated at a nursery in Georgia and one in South Carolina.
Seedbed density and seedling development were compared among plots treated with tarped and not-
tarped dazomet at 140 and 280 Ibs/ac, tarped and not tarped chloropicrin at 125 and 250 Ibs/ac, tarped
MC33 at 350 Ibs/ac and non-fumigated plots. Differences among treatments occurred only in South
Carolina where both initial seedbed density and harvested seedlings differed with treatments. Among
harvested seedlings, the high rate of dazomet and chloropicrin were not significantly different from MC33
but the low rates and controls were inferior. In a second study at the South Carolina nursery, dazomet
(150 and 300 Ibs/ac tarped and not tarped), MC33 (350 Ibs/ac tarped), 1,3-D (290 Ibs/ac tarped),
metham-sodium (400 lbs/ac tarped and not tarped), dazomet (150 Ibs/ac) plus chloropicrin (115 Ibs/ac
tarped), and metham-sodium plus chloropicrin (400 and 115 Ibs/ac tarped) were evaluated with respect
to weed control. MC33 and 1,3-D had the best herbicidal activity.

i

INTRODUCTION

Methyl bromide (MBr)
fumigation of soils controls a
broad spectrum of fungi, nema-
todes, insects,-and weeds (Th-
ompson, 1991). Because all
these taxa contain potentially
destructive pests of forest tree
seedlings, MBr fumigation, with
2% or 33% chloropicrin, has |
become almost universal in
southern nurseries (South, 1992,
Carey, 1991). Virtually all
southern nurserymen fumigate
and very few install control-plots

Keywords: Fumigation, Pinus taeda, seedling quality, weeds control.

for eﬂzaluating’ pest problems
(Carey and Kelley, 1993).
Straightforward comparisons

“between fumigated and non-

fumigated productions are rare.
Comparisons to the pre-fumiga-
tion era are also complicated
because the nursery industry
itself has shifted most production
to sandier soils during the time

that fumigation has been exten- -

sively practiced (South and
Davey, 1983). Handweeding
cost provided adequate, reliable
estimates for the economic
benefits of MBr (South and

Gjerstad, 1980) and although
alternative herbicides have
reduced its importance for pine
seedlings (South, 1992) the
replacement in hardwood seed-
ling production has been less™ -
effective (Stone, 1991). The
sporadic occurrence (even in the
absence of fumigation) of soil
born insects and diseases further
complicates estimates for the

. benefits of fumigation where

non-fumigated comparisons are
rare. Nevertheless, substantial
savings are usudlly projected”
(South and Gjerstad, 1980) or

'Carey, W.A. 1994. Chemical Alternatives to Methyl Bromide. IN: Landis, T.D.; Dumroess, R.K., tech. coords. National
Progeedings, Forest and Conservation Nursery Associations. Gen. Tech. Rep. RM-257. Fort Collins, CO: U.S. Department of
igriculturs, Forest Service, Rocky Mountain Forest and Range Experiment Station: 4-11,

*Auburn University School of Forestry, 108 M. White Smith, Auburn, AL 36849-5418.
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assumed (Stone, 1991) for MBr
fumigation. In fact, forest tree
nurseries had the largest pro-
jected benefit per acre or per
pound of MBr used of all crops
that utilized significant quanti-
ties (Anonymous, 1993).

In response to rumors of the
regulatory disfavor of MBr,
during the summer of 1992, the
Auburn University Southern
Forest Nursery Management
Cooperative (AUSFNMC)
planned small plot trials to
evaluate alternative fumigants.
With the first fumigation sched-
uled for the fall of 1992, the
delusion of being ahead of the
learning curve lasted only a few
days. In November 1992 MBr
was listed as a potential ozone
depleter. Under the authority of
the Clean Air Act, the EPA has
now assigned a phase-out sched-
ule with production termination
for the year 2001. Before our
first trials were finished we
began to test additional fumi-
gants and a few nurseries have
now initiated production scale
trials primarily comparing
chloropicrin, dazomet or 1,3-
dichloropropene with MBr. Like
signs in store windows that
count down the days to Christ-
mas it seem only fair to warn
nursery managers that there are

only six more 140 crops before
2001.
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MATERIALS AND METHODS

Fumigation Treatments:

The fumigation treatments
utilized these products; MC33 =
MBC-33® (67% MBr + 33%
chloropicrin), Triform® (70% 1,3
dichloropropenes + 30% chlo-
ropicrin), Dazomet is Basamid®
(99% ai), Metham-sodium is

Sectagon-42%® (42% ai), Chlo-
ropicrin is HDPic® (96.5% ai).

Table 1 lists the 11 fumiga-
tion treatments used on beds
subsiquently sown with pine
seed. Each treatment was ran-
domly assigned to positions
within each of five blocks. The
same relationship of treatments
within blocks was used at both
nurseries but at Statesboro a
double-bed column contained
each block and treatment plots
were 68 ft long separated by 5 ft

_ buffers. At Summerville blocks

were at right angles to beds and
each bed contained five 140 ft
long treatment plots separated by
5 ft buffers.’

At Statesboro, fumigation
treatments were. applied October -
21 and 22, 1992 to nursery beds
but not tractor paths (wheel ruts).
Post-treatment soil samples were

Table 1. Fumigation treatments applied to loblolly pine production
beds in Statesboro, GA and Summerviile, SC.

ompou Ratet

None None

None .- " Nonse
Dazomet 140
Dazomst: 140
Dazomet 280
Dazomet 280

Chloropicrin 125
Chloropicrin 125
Chloropicrin 250
Chloropicrin 250
MC33 350

Application Seal?

None : Water
Nonse Plastic
Rototilled Water
Rototilled - Plastic
Rototilled Water
Rototilled Plastic
Injected Water
Injected Plastic
Injected Water
Injected Plastic
Injected Plastic

' Pounds per acre.

2 Water seals are the irrigation equivalent of 0.25 inches of rain.




collected November 10, 1992
knd March 5, 1993 before the
treated bed structure was dis-
turbed. The Summerville fumi-
gation was March 18, 1993. Pre-
treatment soil samples were
collected and fumigation treat-
ments applied after the field was
disced but before beds were
formed and both the bed and
future tractor paths were treated.

Treatments for a second
study, installed at Summerville
. in the fall of 1993, are listed in
Table 2. The treatments were
arranged at a randomized com-
plete block with four blocks and
plots were 12 ft by 110 ft and
separated by S ft buffers. The
area was disced and then fumi-
qated, respectively, on October
/4 and 26, 1993. Dazomet was
rototilled into the soil in two six-
foot-wide strips and the surface
of all non-tarped plots was
compacted (“power-rolled”)
usinig a drum roller. All other
chemicals were injected and
tarped in single 12-foot-wide
strips.

Seedlings:

A single loblolly pine (Pinus
faeda) half-sib seedlot was sown
in each nursery on April 14 (27
days after fumigation) at
Summerville and May 14 (201
days after fumigation) at
Statesboro. Beds were stabilized
with a synthetic resin at
Summerville and with pinebark
mulch at Statesboro.

Numbers of live seedlings
(seedbed density) and dead
seedlings (damping-off) were
determined 35 days after sowing
at both nurseries. Two one-foot-
wide sections across nursery
beds were delineated near the
center of each of replicate plot
and these were resampled
throughout the study. Seedbed
densities were determined again
at both nurseries September 8-
10, 1993 and January 2-5, 1994,

In January 1994, seedlings
from the four center drills of
each seedbed-density-plot were
carefully removed from the soil

and a random subsample of 25 of

these seedlings was taken.
Rootcollar diameters were used
to. determine numbers of culls (<
3.25 mm) and number one (>

- 4,76 mm) and number two (3.26

to 4.75 mm) seedlings per plot.
Above and below ground por-
tions of seedlings were separated

and each sub-sample was dried

to a constant weight. Seedling

parameters were calculated both
on a mean seedling and a per
square foot basis. Mean size and
mass values for a 25 seedling

-replicate were multiplied by plot

seedbed density to obtain area
values. Seedling height was
assessed only for Statesboro
seedlings because Summerville
seedlings were top-clipped
(August 5 and September 16).

Weeds:

- The second fumigation trial
Summerville was placed in an
area with a persistent infestation
of nutsedge (Cyperus spp.),a
weed not adequately controlled
by alternative herbicides. Be-
cause this area was not put into
seedling production, differences
in weed control were assessed
without the subsequent applica-
tion of herbicides. Weed data
only from this fumigation are

Table 2. Fumigation treatments applied to soll not subsequently used
for seedling production (Summervilie, SC). :

Rate

Chemical (Ib/ac)

1 MC33 350
2 Triform . 290
3 Dazomet 300
4 Dazodmet ~ 300
5 Dazomet 150
6 Dazomet " 150
7 Metham-sodium 400
8  Metham-sodium 400
9 Dazomet + 150

Chloropicrin =~ 115
10 Metham-sodium+ 400

Chloropicrin = 115
11 Control 0

Soil

Application
Method Seal
Injected Tarped
Injected - Tarped
Rototilled Tarped
Rototilled Power-roll
Rototilled Tarped
Rototilled Power-roll
Injected Tarped
Injected Power-roll
Rototilled

Injected Tarped
Injected

Injected Tarped
NA NA




presented here. Percentages of
ground covered by weeds for
each treatment plot was esti-
mated April 12 and all weeds
within a randomly selected four-
square-foot area near the center
of each plot were counted May
10. 1994. Weeds were catego-
rized as either “spring” or “sum-

"mer” weeds and nutsedge
(Cyperus spp.) was enumerated
separately.

RESULTS

Seedling quality:
At Summerville, numbers of
live seedlings differed signifi- -
cantly between fumigation
treatments 35 days after sowing
- (Table 3). Subsequent mortality
was negligible (0.4 seedling per

- foot) and seedbed densities in
May strongly predicted those of
September (r=0.95, p=0.0001)
and January (r=0.93, p=0.0001).
However, the effect of fumiga-
tion treatment was not signifi-
cant in in January (p=0.30).

At Statesboro, numbers of
damped-off seedlings did not
differ among fumigation treat-
ments 35 days after sowing
(Table 3). Although the mean
seedlings per square foot in June

decreased from 23 t0 20.6 from .

June to January, Fumigation
treatment effects (in contrast to
the trend at Summerville) in-
creased moderately over the
Same period (p for June = 0.15 and
for January =0.08). Correlations .
for June plot densities (N=55)

with those of September (r=0.95,
p=0.0001) and January (r=0.93,
p=0.0001) were significant.

Among dazomet treatments
(N=20), seedling diameters in
plots receiving 280 lbs/ac were
larger (p=0.03) and-there was
more shoot (p=070001) and root
(p=0.009) mass than at the 140
Ibs/ac rate. Among chloropicrin
treatments (N=20), seedlings in
plots treated with 250 Ibs/ac
produced more root mass per
seedling (p=0.05) and per square
ft (p=0.02) than those treated
with 125 lbs/ac. Tarping did not
significantly effect seedling size
or mass either in non-fumigated
plots or those fumigated with

dazomet or chloropicrin. There-

fore, tarped and not-tarped
treatments were combined for
the analysis presented in Table 4.
Among the five fumigation
treatments (two rates each of
chloropicrin and dazomet and one

" of MC33 and control), plots

fumigated with MC33 or the high
rates of chloropicrin or dazomet
produced larger seedlings than
those not fumigated or fumigated
with low rates (Table 4).

Among dazomet or chloropi-
crin fumigations (N=20), no
measuréd seedbed or seedling
parameters differed either with
rate of fumigant or tarping.
Among non-fumigated plots
(N=10), seedlings were taller
(p=0.02) and had more stem
mass (p=0.02) among non-tarped
plots. However, seedbed density

and seedling root mass was not
significantly larger among tarped-
compared to non-tarped plots,
There were no significant differ-

- ences among Statesboro seed-

lings in size or mass attributable
to the five fumigant by rate
treatments (Table 4).

Weéds:

Weed cover by plot and
numbers of all weeds and of
nutsedge per frame (4ft?) are
presented in Table 5. In May,
percentage weed cover differed
(p=0.0001) between treatments.
MC33 always had the fewest
weeds and the 1,3-D and the
metham-sodium plus chloropi-
crin were almost as good. These
three treatments and the tarped
metham-sodium and the dazomet
plus chloropicrin were not
significantly different.

In addition to nutsedge,
pigweed (Admaranthus spp.),
dogfennel (Fupatorium
capifillifolium), and horseweed
(Coneza canadensis) were
common in the May survey and
these (exclusive of nutsedge)
were analyzed together as
“summer-weeds”. Other weeds
were analyzed together as spring
weeds. Summer weeds did not
differ between treatments
(p=0.58). Spring weeds differed
significantly for treatment effects
(p=0.0001) with the tarped
dazomet treatments and the non-
treated control having signifi-
cantly more weeds than other -
treatments (Table 5).




Table 3. Seedlings per square foot by nursery, date, and treatment.

Summerviile
May 93 Sept Jan 94
Rate
Chemical lbs/ac Tarp Dead _Live Live Live Onés' Twos' Culls’
MC33350 Yes 3.6 31.7 31.7 29.2 12.9 15.8 0.5
Chloropicrin 250 No 8.6 27.2 28.3 28.3 8.3 . 155 3.5
Chloropicrin 250 Yes 4.4 30.1 302 30.2 9.3 .18.8 2.0
Chloropicrin 125 No 3.6 29.1 30.7 30.7 11.3 16.6 2.7
Chloropicrin 125 Yes 28 30.1 28.6 28.6 11.4 14.8 2.3
Basamid 280 No . 8.8 28.8 29.0 29.0 11.7 16.6 0.7
Basamid 280 Yes 7.2 .30.6 27.4 27.4 13.8 12.5 1.1
Basamid 140 No 2.2 30.6 30.7 30.7 9.1 19.8 1.7
Basamid 140 Yes 3.0 30.2 30.5 30.5 8.3 21.3 0.9
None 0] No 11.8 27.8 27.4 28.1 6.4 19.6 2.1
None 0 Yes 5.8 29.2 29.1 28.0 6.9 19.3 1.8
Mean value 5.4 29.6 29.4 29.2 10.0 17.3 1.8
Isd for treatments? 5.1 2.6 2.7 3.0 5.2 5.7 2.1
P for treatment effects? 0.01 0.04 0.12 0.3 0.12 0.11 0.15
Statesboro
June 93 Sept Jan 94
Rate .
Chemical Ibs/ac  Tamp Dead _Live Live Live Ones! Twos! Culls'
MC33 350 Yes 0.60 23.3 19.7 20.3 7.7 . 10.8 1.7
Chloropicrin 250 No 0.60 24.1 20.7 22.1 9.1 11.8 1.1
Chloropicrin 250 Yes 0.40 25.1 21.6 226 10.2 9.5 2.8
Chloropicrin 125 No 0.20 21.8 18.9 19.9 10.1 8.6 1.1
Chloropicrin 125 Yes 0.40 22.9 19.5 21.0 9.0 9.8 2.1
Basamid 280 No 0.60  23.6 19.7 ~ 20.7 7.3 11.7 1.6
Basamid 280 Yes 0.40 21.7 19.5 19.2 8.9 8.2 2.1
Basamid 140 No 0.40 21.56 18.2, 18.6 8.1 8.9 1.6
Basamid 140 Yes 0.40 21.4 19.1 19.8 7.3 9.1 2.9
None 0 No 1.20 23.6 20.0 20.8 8.2 10.2 2.3
None 0 Yes 0.00 23.9 20.7 21.5 8.3 10.4 2.7
Mean value 047 23.0 19.7 -20.6 8,6 9.9 20
Isd for treatments? 1.02 2.81 219 259 3.16 3.0 1.88
P for treatment effect? 0.70 0. 15 0.06 "0.08 0.61 0.25 0.49

! Seedlmg rating where ones, two and culls have ground iine dlameters, respactively of 4.76 mm,
4.75 mm - 3.26 mm, and 3.25 mm.
? Statistics from SAS ANOVA. 1




DISCUSSION

The herbicidal activities of the
fumigants was assessed within
seedbeds but standard herbicide
applications controlled weeds to
the extent that production was
not effected. Non-soil associated
disease and insect problems wete
likewise expected to be con-
trolled by standard practices. We
expected that any important
differences between fumigants
would be measured for seed
efficiency and seedling quality

due to soil-pests other than
weeds. The economic aspects of
seed efficiency (that is, the
number of plantable seedlings
culls omitted produced per unit
of pure live seed) have been
addressed by South (1987) who
showed that small changes had

significant economic impacts.

Non-significant differences
between tarped and not tarped
applications of dazomet or
chloropicrin were somewhat

surprising. Plastic tarps increase
effective concentrations of MC2
or MC33 (Munnecke and Van
Gundy, 1979). However, MBr
boils at 4.6°C and is more .
physically active than most other
fumigants at normal soil tem-
peratures. Dazomet, applied as a
granular product evolves its
fumigant in contact with soil
moisture. Our estimates for soil
fungi (data not presented) indi-
cate that much of its activity can
occur after tarps would normally

Table 4. Seedbed densitles and seedling size and mass by fumigant rate and nursery.

Summerville (271 days after sowing).

Fumigant Rate Seedlings Diameter Shoot Root
(Ibs/ac) {/ ft3)- __(mm) (gm OD) (gm 0Dy~

MC33 350 29.2 a 470 a 245ab 0.78 a
Chioropicrin 250 29.6a 4.56 abc 2.38 ab 0.76.ab
Chloropicrin 125 29.2a . 4.40 cd 2.22 be 0.67b
Basamid 280 28.2a 4.68ab - 257 a 0.82a
Basamid 140 30.6a 4.44 cd 2.00c 0.69b
None 0 28.1a 4.21d 200c 0.68b
Mean value 29.1 4.48 2.26 0.73

* Isd for treatments? 2.3 0.23 0.28 0.08
P for treatment effect 0.19 0.001 0.001 0.001

Statesboro (250 days after sowing).
Fumigant Rate . Seediings Diameter -Shoot Root
(Ibs/ac) {/ 13 (mm) {am OD) {gm OD)

MC33 350 20.32 abe 452 a 3.31a 0.93a
Chlorpictin 250 22.37 a 4863a 340 a 1.00a
Chlorpicrin 125 20.47 abc - 471 a 340 a 1.05a
Basamid 280 19.95 be 4.60a 3.37a 1.02 a
Basamid 140 18.99¢” 4,53 a 3.22a 0.97 a
None 0 21.16 ab 4.47 a 2,86 a 0.94a
Mean value 20.6 4,58 3.25 0.99
Isd for treatments 1.93 0.28 0.52 0.15
P for treatment effect 0.012 0.52 0.21 0.61

' Means followed by the same letter not significantly different (alpha =".05).
?“Isd” and “P" values from SAS GLM. '




Table 5. Weeds by funﬁgant and date on ground not cuitivated after a fall fumigation.

Rate  Chl. Cover %' Numbers? Nutsedge?
Fumigant blac Ib/ac  Tarp  (May) (April) #'s
MBr 235 115 Yes 28 ¢ 8.5¢ 0.25¢
1,3-D 290 0 ' Yes 35 ¢ 145¢ 2.00¢c
Dazomst 300 0 Yes g5 a 101.5a 36.70 abc
Dazomst 300 0 No 65 b 79.3 ab 63.52a
Dazomet 150 0 Yes 95 a 82.8 ab 29.75 abc
Dazomet - 150 0 No 70 b 81.8 ab 56.75 a
Dazomet 150 115 Yes 46 ¢ 55.0 abc 47.25 abc
Metham-sodium 400 0 Yes 36 ¢ 28.5¢c 10.25 be
Metham-sodium 400 0 No 90 a 38.2 bc 5.75 abc
Metham-sodium™ 400 115 Yes 38 ¢ 17.3 ¢ 5.50be
Control 0 0 No i00 a ‘918a 31.75 abc
Isd 16.22 44.21 38.22

" Percentage of ground covered by weeds on Apr. 12, 1994,
2Number of weeds in four square foot frame on May 10, 1994.

be remaved. Chloropicrin is
liquid at normal soil tempera-
tures which evaporates slowly
(boiling point 112°C) to produce
a gas heavier than air. It seems
possible that chloropicrin evapo-
rated and subsequently diffused
slowly enough without tarping to
achieve a large percentage of
that effective concentration
produced under plastic. Differ-
ences between effective concen-
tration of the high and low rates
of dazomet or chloropicrin
indicate that measured variables
(seedling and fungi but not
weeds) were sensitive to treat-
ment differences.

Seedling sizes and masses
differed between fumigation
treatments only at Summerville
where all differences followed
the same pattern. Seedlings did
not differ significantly between
the MC33 or the high rate of

chloropicrin or dazomet but
these were significantly larger

" than seedlings from plots treated
with the low rates which did not
differ from non-fumigated
controls. Final seedbed densities
did not differ among treatments
but sizes and masses were _
negatively correlated with plot
densities.

The effects of seedbed density
on loblolly pine are well docu-
mented (South, et al. 1990).
Density differences at the two
nurseries result largely from
sowing rates and tomplicate
inferences fof fumigation treat-
ment effects. At Summerville,
the 30 seedlings/ft? at the first
survey changed negligibly
before harvest but at Statesboro,
the initial 23/ft?, was to 20/{t?
during that period due to causes
not (p = 0.14) associated with
fumigation treatments. Differ-

10

ences in seedbed densities,
between treatments, increased
but remained non-significant at
Statesboro and decreased at
Summerville.

Non-significant differences
for seedling growth among
treatments at the Statesboro
nursery could be attributable
either to environmental condi-
tions unfavorable for diseases
controlled by fumigation or just
the chance “escape” of the study
area from a normally sporadic
pathogen development.

Not surprisingly, estimates of
weed cover in April and num-
bers of weeds per sample plot in
May indicate essentially the
same relative herbicidal activi-
ties for the fumigant treatments.
It seems unfortunate that MC33,
which will soon be unavailable,
was the best fumigant tested but -




1,3-D was almost as good.
Although increasing the concen-
tration of chloropicrin usually
decrease the herbicidal activity

of MBr, it significantly (in April)

enhanced the activity of dazomet
and insignificantly that of
Metham-sodium. Dazomet had
the least herbicidal activity of
the fumigants.

Nutsedge is currently one of
the most difficult weeds to
control in southern pine nurser-
ies. Although plants per treat-
rnent are presented in Table 3.
with a multiple means compari-
son (Duncan’s for SAS
ANOVA) it's logical to believe
that tuber producing plants will
not (as required by these statis-
tics) be normally distributed.
Nutsedge plants differed signifi-
cantly between treatments for
non-parametric statistics also
(SAS NPARIWAY) but mul-
tiple comparisons are difficult.
Anyway, no treatments were
significantly different from the
control.

As a part of these studies that
will be presented later, soil
samples were collected each
time seedlings were surveyed
and subsequently plated on
media selective for the develop-
ment of Fusarium (Nash and
Snyder, 1961), Rhizoctonia (L.J.
Herr, 1973) and Trichoderma
(Elad et al, 1981). Numbers of
ﬁlngi identified on selective
media did not differ significantly
among blocks or rows for pre-
treatment soj] samples but all

. .

fumigation treatments signifi-
cantly reduced populations. The
assessed fungal “groups” were
differentially affected by fumi-
gants and subsequently recov-
ered to prefumigation levels at
different rates.

)
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RESEARCH NOTE 95-1

T_esting Alternatives to Methyl Bromide Fumigation at New Kent Nursery

by

Bill Carey

INTRODUCTION:

The improved seed efficiency and seedling quality attributable to methyl bromide
(MBr) fumigation has appeared to be independent of region, soil type, or tree species (Carey,
1994). Unfortunately, recent trials indicate that efficiencies of potential replacements for
MBr will be more site specific. This makes preliminary screenings advisable at each
nursery. : :

The effects of four soil fumigants on seed efficiency and seedling development of |
loblolly pine and on the abundance of selected soil fungi were evaluated at the New Kent
nursery in Virginia. Non-fumigated plots were compared with plots fumigated with
chloropicrin, MC33 or 1,3-dichloropropene plus chloropicrin. Dazomet treated beds were
compared with non-fumigated beds in a non-replicated trial. Seedlings from the replicated
study did not differ among fumigants for seedbed density or root or shoot weights. Numbers
of colonies of Fusarium but not Trichoderma isolated from soil differed significantly 35 and
243 days after fumigation.

METHODOLOGY:

Fumigation Treatments: -
Three fumigation treatments were compared: _
MC 33 (350 lbs/ac 67% methyl bromide plus 33% chloropicrin)
Triform® - (300 Ibs/ac 70% 1,3 dichloropropenes plus 30% chloropicrin)
HDPic® (300 Ibs/ac chloropicrin at 96.5% ai).
Basamid® (275 Ibs/ac dazomet at 99% ai)
Each was applied to plots nine beds wide (60 ft) by 500 feet long (see Figure 1). Fumigants
were injected into the soil April 14, 1994 and covered immediately by plastic tarp. The
Basamid® was applied April 19 and immediately rototilled into freshly irrigated soil but not
tarped. :

Seedlings: 7

A mixed lot of loblolly pine seed collected 1993 was sown in all study plots. All
plots except those treated with dazomet were sown May 3, 1994 (18 days after fumigation).
The dazomet treated beds were sown May 10 (21 days post treatment) when lettuce seed




sown in those beds May 2 to test residual phytotoxicity had germinated and appeared healthy.

Seedlings within two-square-feet were counted at four systematically located points
within the fumigated portion and four points within the not fumigated portion of each
treatment plot. Seedlings were counted 43 and 243 days after sowing (June 15 and
December 12, 1994). When the December counts were made, more than 25 seedlings were
removed from each counted subplot for determination of size and mass.

Soil Fungi:
Soil samples were collected from each replicate plot two days before fumigation
~ (4/12/94) and during seedbed density counts. Soil-agar suspensions were prepared from the
soil samples and placed on petri dishes of media selective for Fusarium, Trichoderma, and
Rhizoctonia. Fungal colonies (colony forming units—CFUs) were counted in each dish after

incubation for one week.
RESULTS:

Differences in seedbed densities were not significant among replicated treatments and
controls (Table 1). This could be attributable to environmental conditions unfavorable for
diseases controlled by fumigation or just the chance ‘‘escape’’ of the study area from
sporadic pest problems. The recent fumigation history undoubtedly reduces probable
response range for the 1994 fumigation treatments. The suppression of chronic, soil born,
diseases by MBr for more than two years is strongly indicated by past studies. Nevertheless,
two more plantable seedling per square foot, among MC33 and Triform® treatments would
increase production by about 60,000 seedlings per acre.

Trichoderma increased soon after fumigation with MC33, chloropicrin or Triform® at
New Kent and this has occurred at other nurseries as has a slower rebound after dazomet
treatment. The reduction in cfu’s isolated on Herr’s medium indicates that the dosage of
Triform® was effective for many species but the decrease in Fusarium was non-significant 35
days after Triform® fumigation. This is difficult to understand. Fusarium has not been hard
to control in the past. Fusarium control by Triform® needs careful evaluation. Although all
genera were suppressed among the first post-treatment samples numbers rebounded for
December samples and were not significantly different from not treated soils.

No statistical confidence can be attributed to any discussion for the dazomet treatment.
Effects could be due to the unique plot location or sampling error and not the fumigant.
Nevertheless, the dazomet treated plot performed poorly compared to the simultaneously sown
control plot. A seven seedling per square foot decline in seedbed density between May and
December, that did not occur in the adjoining control cannot be explained by collected data.
December mean seedbed densities and the Isd of 3.8 seedlings/ft* applicable to the-replicated
treatments indicate no similar declines among those 12 plots. A (unlikely but possible) .
‘localized, post emergent damping-off due to disease or chemical, residual, phytotoxicity could
cause the reduced bed density. Six fewer plantible seedlings than control beds per square foot
(9 compared to Triform® of MC33) could reduce per acre production by about 172,000 -
seedlings. Dazomet should not be considered for this nursery before additional trials prove
that a rare, or controllable, event occurred in 1994.




)

MANAGEMENT IMPLICATIONS:

Basamid® should not be used without testing at the specific nursery using large plot
trials to compare alternatives. Triform® and chloropicrin continue to look promising as
eventual substitutes for Methyl-bromide.
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Table 1. Seedling data by fumigaﬁon treatment and sowing date.

Number/ft* Seedling Grade” Weight™
Date .
Fumigant Sow 5/15 12/12 Dia. 1I’s culls I’s+2’s  total  root
None 5/3 296 31.1 38a 17a 44a 267 71.7 18.0
MC33 5/3 312 309 40ab 3.4ab 2.1ab 287 77.5 18.3
Triform® 5/3 296 306 42 b 49ab 16 b 29.0 85.5 19.6
HDPic 5/3 300 300 42 b 58 b 24a 276 79.8 18.9
Isd* 30 38 0.3 3.1 2.5 4.9 20.0 33
None 5/10 28.8 31.6 3.8 1.2 5.2 26.4 81.2 18.2

Dazomet 5/10 29.0 225 4.1 3.7 2.3 20.1 62.9 14.7

* Seedling grades of 1’s, culls and 1’s+2’s, respectively, refer to root collar diameters >
4.75mm, < 3.2mm, and > 3.2mm. The numbers reported for grade and for weight are for

square foot of bed.
** Weight in grams per ft* of nursery bed.

+1sd is for SAS ANOVA and refers only to the 5/3 sowing date.
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TECHNICAL NOTE 96-2

THE LOSS OF METHYL BROMIDE AS A FUMIGANT IN FOREST
TREE NURSERIES AND THE IMPACT ON REFORESTATION
PROGRAMS _

by
Bill Carey and Ken Mc Nabb

INTRODUCTION

Methyl bromide (MBr) is currently used as a soil fumigant in most southern forest tree nurseries.
Over the past 40 years MBr has proven to be a consistantly reliable pesticide that enhances
seedling production and suppresses soil-borne pests. It has become the industry standard and is
an essential component of virtually every pest management program in southern forest tree
nurseries. By reducing populations of many pests, the use of MBr can reduce the demand for _
more specific pesticides such as herbicides, fungicides, and insecticides. Moreover, MBr typically
results in superior seedling growth. There is little doubt that MBr is one of the most important
pesticides used in the production of forest tree seedlings in the southern U.S.

The U.S. Environmental Protection Agency has ordered a complete ban on the production of
MBr after January 1, 2001 and production is currently frozen at 1991 levels. Legal jurisdiction
for this ban falls under the Clean Air Act which the EPA administers. This act addresses
chemicals suspected of depleting stratospheric ozone. A consensus has emerged in the scientific
literature during the last 20 years that the conicentration of stratospheric 0zone was declining and
that chlorinated fluorocarbons (CFC's) were the cause. To address this, the Montreal Protocol on
substances that deplete the ozone layer was signed by several nations in 1987 to bring about the
eventual phase-out of CFC's. Little attention was given to bromine until 1991 when its class of
chemicals was added to a growing list of potential ozone depleters. MBr is 84% bromine by
weight and is considered by the EPA to be a significant contributor to ozone depletion. Even
though Montreal Protocol signees decided in 1992 that the MBr issue should be reconsidered in
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1995 after a technical options assessment, MBr was a]ready (in 1992) scheduled for termination i in
the U. S. Lawsuits brought by several environmental groups had triggered an automatic
phaseout of MBr under the Clean Air Act. The Montreal Protocol, but not the Clean Air Act has

allowances for economic and scientific uncertainty.

Nursery managers and pest specialists are very concerned about the probable loss of this
important pesticide. This Technical Note reviews the current status of MBr use in forest tree
nurseries, its effects on seedling production, and the most probable alternative fumigants. We
hope to provide a basis for further rational discussion regarding the potential loss of MBr and
subsequent effects on forest tree seedling production in the South.

MBR USE IN SOUTHERN NURSERIES

\pplication Fr iR |
Approximately 96% of southern nurseries use soil fumigation and 90% of the fumigant used is
MBr (Jang et al. 1993). MBr is most commonly applied in southern nurseries once every four
years prior to two years of pine seedling production followed by two years of cover crop.
Fumigation is usually applied in the fall or spring preceeding the first pine crop in the rotation.
The gas is injected into the soil and immediately covered with a continuously overlapping plastic

tarp.

The total amount of MBr used in southern forest nurseries is estimated at 161,000 pounds. This
is about 0.33% of the estimated 49 million pounds used for soil fumigation in the U.S. in 1990
(U.S.D.A. 1994). Amounts of MBr used to produce seedlings vary between individual nurseries
based on rotation schemes, seedbed densities, and formulation (Table 1). The standard
application rates are either 350 Ibs/ac of 98% MBr (MC2) or 400 Ibs/ac of 66% MBr (MC33)
(South and Zwolinski 1996). Using these rates, the bromine applied would be 330 Ibs/ac for MC2
formulations and 194 Ibs/ac for MC33 formulations. There is, therefore, the potential for

TABLE 1. Bromine requirements for the annual production of 20 million seedlings using
MC2 or MC33 for two fumigation schedules and at two seed bed densities.

Bromine jn bl ons

CropyTreatment  Seedlings/f?.  AcresTreated  MC2®  MC33
1 15 46 - 660  5.04
1 25 275 3.96 3.01
2 15 - 23 331 252
2 25 13.75 1.98 1.51

(a) two years of pine production followed by two years of cover crop '
(b) MC2 is 350 Ib/ac 98% MBr and 2% chloropicrin, MC33 is 400 1b/ac 66% MBr, and 33% chloroplcrln



considerable variability in the amount of bromine used per unit of production between nurseries.
Just over the range of schedules considered in Table 1, bromine requirements varied from 1.5 to
6.6 tons per year for the production of 20 million seedlings.

cac il- e Pest Contro

. MBr is used to control weed seed, soil-born fungi, nematodes, and insects. Formulations with
2% chloropicrin are suggested when perennial weeds and nematodes are the primary pest
problem, and those with 33% chloropicrin are indicated when more difficult-to-kill fungi are the
pest target (South and Zwolinski 1996, May 1985). MBr fumigants were instrumental in greatly
reducing the impact of difficult-to-control soil fungi such as the charcoal root rot pathogen
(Macrophomina phaseoling) at some nurseries (Seymour and Cordell 1979). MBr fumigation has
been superior to soil drenches containing fungicides for the control of Fusarium spp. in nurseri¢s
(Rowan 1981). :

MBr containing fumigants help control perennial weeds, such as nutsedge (Cyperus spp.), which
currently registered preemergent herbicides seldom adequately control. Postemergent nutsedge
control is limited because of the lack of herbicide selectivity. The use of MBr for weed control in
hardwood seedbeds may even be more critical because of the lack of suitable pre- or post-
emergent herbicides (South 1994). Nursery managers will therefore often fumigate immediately
prior to every hardwood seedling crop to reduce the amount of hand weeding that otherwise
would be required.

THE EFFECTS OF MBR ON SEEDLING PRODUCTION AND QUALITY

The extensive use of MBr in forest tree nurseries across the South (Jang et al. 1993) is our best
indication of its consistent effectiveness across a wide range of conditions. Moreover, increases
in both size and numbers of seedlings after fumigation are abundantly documented in studies
carried out in forest tree nurseries over the last 40 years. Table 2 summarizes the results of 40
years of research regarding the effect of MBr on seedling numbers and size. Most of the currently
available famigants were tested between the late 1940's and 60's. After the superiority of MBr
was established, little additional research occurred until the loss of MBr's registration became
likely. Only 6 of the 33 reports included in Table 2 are less than 20 years old. Most data applies
to pines or spruces. For these comparisons, not fumigated beds produced 33% fewer seedlings
than those fumigated with MBr or MC33. Not fumigated beds contained 27% fewer seedlings
than Metham-sodium (SMDC) treatments which were the second best in average performance of
the widely tested fumigants. Based on average performances, where MBr fumigated beds
produced 100 seedlings, controls would be expected to produce 67 seedlings (that is 100 - 33%).
Using a South-wide production figure of 904 million seedlings Moulton et al. 1995), Methyl
bromide could theoretically be responsible for 33% of this production, or 298 million seedlings.
Calculating at $30/1000 seedlmgs, the value of this production increase is 8.9 million dollars
annually,




TABLE 2. Effects of fumigation on numbers and sizes of plantable forest tree seedlings as
the average percent reduction in not treated compared to treated nursery beds.
(From Carey, 1994a)

% Reduction from the Controls (# comparisons)

Seedling Seedling
Chemical Numbers Size N*Ww?
Mbr ' 33 (99) - 14 (36) 41
MC33 33 (58) 1 (20) 28
Metham Sodium 27 (58) 5 (26) 5
Ethylene Dibromide 22 (17) =2 (12) 27
Dazomet 15 (48) 2 (28) 17
Formaldehyde 14 (5 14 4) 27
Chloropicrin 14 (13) 22 (12) : 36
DD 6 27) 6 @) 3
Mean (sum) 25 (345) 25 (142) 2

*Difference in products of seedling weight and number for treatment minus that for control as a percent of treatment.

" Not only has MBr increased the average number of seedlings produced per unit area of nursery
bed, it has also increased the average size of those seedlings. A review of 36 published
comparisons conducted over the past 40 years in which some aspect of seedling size was
compared between seedlings from not fumigated and MBr treated beds (Table 2), found that
seedlings from the MBr treated beds averaged 14% larger (Carey 1994a). The effect of bed
density on seedling size was not addressed in the original reports but logical inferences can be .
made. If fumigation effected the number of seedlings without enhancing the growth of individual
seedlings, then as bed density increased mean seedling size would decrease. Among the studies
averaged in Table 2, this occurred only for ethylene dibromide (EDB) treatment and seedlings
were both larger and more numerous for other fumigation treatments and this growth
enhancement was greatest for MBr treatments, In Table 2, the variable N*W is a dimensionless
number. Within each study, N*W is the product of seedbed density and either average biomass (if
reported) or diameter for not treated beds compared to that for fumigated beds. In Table 2, the
number presented for N*W is the average for the number of comparisons for seedling size.

NON-TARGET EFFECTS OF MBR USE

There is a general conception that MBr is universally toxic to all organisms and that fumigated

- soils are left essentially sterile. This is not true and populations of soil fungi after fumigation are
well documented (Munnecke et al. 1978. Wensley 1953). For example, Trichoderma has been
shown to be resistant to MBr. This highly competitive soil fungus suppresses several pathogenic
fungi (Strashnow et al. 1985, Danielson and Davey 1969, Wensley 1953). In AUSFNMC trials
through the South (Carey 1996, 1995b) Trichoderma has consistently increased after treatments
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with MBr or chloropicrin but decreased after some other treatments. A. L. Foster (1961)
concluded 35 years ago that "MBr may well be as important for what it leaves in the soil as for
what it removes." It is unfortunate, and surprising, that differences in the "selectivity" of MBr
among microbes is known with little more precision today than in 1961.

Human Health

MBr is a toxic substance that when used on the scale required to fumigate a forest tree nursery is
probably best left to professionals. Although exposure is most likely to come thorough inhalation,
dermal contact can also cause serious, systemic symptoms. Although not as acutely toxic as some
other currently used fizmigants MBr would be more hazardous were it used in pure form (as in
some structural fumigation) due to its lack of color and odor. The MBr formulations used in
nursery soil fumigations are mixed with chloropicrin, a potent lacrimator and the active ingredient
in tear gas, which provides an effective early warning signal of exposure. Toxicity refers to the
inherent poisonous potency of a compound, and Hazard refers to the risk or danger of poisoning
when a compound is used or applied (Ware 1978). A one-hour exposure to MBr at 2,000 ppm
can be lethal (Thompson 1992). That is the equivalent of a one-pound can of MBr dispersed in
2,000 3 of air or roughly a large bedroom (15 ft by 15 ft). Carbon tetrachloride, once common
in chemistry labs and dry-cleaning shops, could be lethal at 300 ppm, and EDB at 200 ppm
(Thompson 1992). Chloropicrin is about 1,000 times more toxic than MBr, yet Army personnel
are regularly exposed to it during training. Chloropicrin can be lethal to mammals at an exposure
of 8 ppm for only 10 minutes. This is one pound dispersed in a 290,000 ft* or a 6.5 ft high room
the size of a football field. Nevertheless, because nobody voluntarily breaths even very dilute
concentrations of tear gas (as little as 1 ppm is intolerable), the more foxic chloropicrin added to
the odorless MBr reduces the hazard. -

Ragsdale and Wheeler (1995) provide a good summary of the long term effects of exposure to
Mbr. They found little evidence for chronic (or cumulative) effects in laboratory animals. In long
term studies, no cancers were detected in rats exposed by inhalation to various concentrations for
5 days/week for 6 hr/day for 29 months. Neither did rats fed food treated with MBr (up to 500
ppm Br) develop cancers or have reduced reproductive performance or increased birth defects.
These are very reassuring statistics and even more remarkable when compared to some of the
other more commonly used agricultural pesticides. In the final analysis the authors concluded that
MBr can be safely used when label precautions are followed.

Measurable and historic reductions in stratospheric ozone (O;) are believed to have occurred and
to be occurring due to human-made chemicals. Stratosphenc ozone absorbs ultraviolet (UV) light
espec1a11y wavelengths around 280 om (UVB). UVB is biologically active, it can kill
microorganism, causes skin to sunburn and tan, and exposure correlates with increases in skin
cancer. Therefore, reduced ozone could increase UVB and cause reductions in global biological
productivity and increases in human skin cancer. Current science supports the idea that certain
chemicals deplete stratospheric O;. The bromine from MBr is one of the chemicals that is
believed to contribute to this change. Much of the inorganic Br in the stratosphere (about 46%) is
from halons (Br containing CFC's) and since some halons persist for 40 years the annual flux to
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Figure 1. Stratospheric Ozone Depletors (chloronated and brominated only)

Figure 1 summarizes some general estimates (abundance x activity) for the
contributions of the major components to ozone depletion. Most of these are
from a 1994 article by R. J. Cicerone. About half the organic Br in the
stratosphere is probably from halon and most of the rest is from MBr of which
‘about 20% is thought to be manufactured. Although Br is less than 1% as
abundant as Cl in the stratosphere it is thought to be 40 times (+ or - 50%)
more destructive per atom. Therefore, about 18% of O; destruction (assuming
incorrectly that all is from either Br ot CI) would be by Br with the 20% of Br
from manufactured MBf-¢ausing about 5.6% of O, destruction. About one
third of manufactured MBr is from soil fumigation. The Figure 1 projection of
4% for anthropogenic MBr is less, but not much less than the estimate from

UNEP, 1992 of from 5 to 10%.




the stratosphere is roughly the same as production, which in 1990 was about 7.2 million Kg

(Cicerone 1994). Estimates for the actual percentage of ozone decline are controversial. In fact,

a minority of scientists, including S. Singer developer of the ozone-sensing instrument flown on
satellites, believe there is insufficient evidence to indicate any decrease (Monastersky 1995).

The contributions of what are currently thought to be the significant ozone depletors are
represented in Figure 1. These estimates were generated by trying to reach a balance between
estimates from the papers cited throughout this paragraph. However, estimates in atmospheric
chemistry frequently include large margins for error and different pictures can be generated.
Nevertheless, the contribution of MBr used in agriculture can be seen to be a small part of the
picture. Unlike the CFC's, which are all human-made, there are significant natural sources and
sinks of MBr (Butler 1994). It is estimated that the atmospheric concentration of MBr is between
9-13 pptv (parts per trillion volume) which indicates a total quantity of L5 to 2.1 x 10® kg.
Approximations based on what are thought to be major sources are (in millions of kg) oceans 35,
fires 30, motor vehicles 15, and MBr manufactured for pesticides etc 30. There are significant
problems with calculating these numbers. These and most other estimates include a margin of
error of about 50%. Secondly, the estimated magnitudes of MBr sources have changed
considerably during the last two years. For example, the magnitude of fire (used largely to clear
land for agriculture) as a source was only recently discovered (Mano and Andreae, 1994) as was
the potential for the oceans to function potentially as both a source and a sink for MBr possibly
compensating for changes in other sources (Butler 1994). Also, it has only recently been
determined that under many soil conditions, 50% or less of MBr applied during fumigation
"escapes” to the atmosphere (Gan ef al. 1995, Yates ef al. 1995). The atmospheric residence
time of MBr was estimated to be close to two years in 1993 (Mano and Andreae, 1994) but

_ recently has been estimated to be as short as nine months (Adler 1995). Obviously, our
understanding of ozone depletion and the relative contributions of human and natural mﬂuences
on ozone flux is far from satisfactory.

AN EVALUATION OF MBR SUBSTITUTES

Four of the currently available soil fumigants that we listed in Table 3 (MBr, chloropicrin, 1,3- -
dichloropene, and dazomet) these, plus metham sodium and the several combinations of these five
chemicals are our most probable choices for replacements that will be available by the year 2001.
Although methyl iodide seems potentially to be an effective replacement and has worked well in
trials (Ohr ef al. 1996, Sims et al. 1995) it still needs a sponsor who will pay for the
environmental and toxicological studies needed for registration. Each of the four currently
available MBr substitutes has its own physwal charactenstlcs application methodologies, and
effect on seedling culture.

Fumigant efficacy depends on um'form_ distribution through the soil and toxicity to soil :
organisms, both pathogenic and beneficial organisms. Soil characteristics at fumigation suchas
moisture and organic matter content, can alter the distribution of fumigants through the profile
(Munnecke and Van Gundy 1979) as well as the sensitivity of soil microorganisms to exposure
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TABLE 3. Properties of Fumigants (from Munnecke and Van Gundy 1979)

Fumigant
1,3 dicloro-

MB Chloropicrin  propene Dazomet
Molecular Weight 95.0 154.0 112.0 -
Vapor Pressure 1,380.0 20.0 21.0 21

(mm Hg @ 20°C) '

Boiling point (C°) 4.6 112.0 104.0 -
Solubility in H,O (% @20°C) 1.6 0.2 0.3 0.76

(Danielson and Davey 1969, Wensley 1953). The better the diffusion of a fumigant through both
the air and the water fractions of a soil the more homogenous will be concentrations through the
profile. The superior physical characteristics of MBr, especially with respect to vapor pressure
(the gas pressure when at equilibrium with the liquid phase) and solubility in water as compared to
some alternative fumigants for its distribution throughout a soil profile, should be apparent from
Table 3. :

Data from more recent studies are summarized in Table 4 which is limited to 1993 and 1994 trials
carried out by the AUSFNMC. Together, the data in Tables 2 and 4 provide our best estimates
for the efficacy of different fumigation treatments within forest tree nurseries. Changes in cultural
practices have undoubtedly modified the impacts of fumigation since most of the data in Table 2
were collected. Considering recent trials only (Table 4), seedling numbers have differed negligibly
between treatments and controls. However, these trials did not occur in nurseries with the severe
- soil-borne disease problems that were common during early fumigation studies and since MBr has
done much to reduce the population of soil-borne pests at most nurseries its effects cannot be
entirely removed from these trials.- Differences may be smaller than they would have been in
nurseries not previously treated with MBr. The effects of fumigation on seedling size have been
similar among the older studies presented in Table 2 and among the more recent studies in Table
4. Significant increases in seedlings size have occurred in this instance without a change in bed
density. '

s 1 . . L

Solarization is a treatment often mentioned as a possible substitute for MBr. By covering the
ground with plastic tarps, soil temperatures-can sometimes be raised high enough to kill some
species of pathogenic fungi, nematodes and insects. This technique has been used for soil

* treatment in vegetable production. In forest tree nurseries, however, its potential utility is limited.
To reach temperatures lethal to target pests, the plastic must be placed over clean soil, preferably
well tilled, and not too dry, during several weeks in the summer. Since our nurseries are sown in
the early to mid spring to avoid the negative effects of high soil temperatures on germination and
seedling establishment this would require solarization to be done the previous summer. Either the




TABLE 4. Average percent reduction in numbers and weights of conifer seedlings among
control beds by fumigation treatment for trials in 1993 and 1994. (From Carey
1995a)

Percent reduction among controls
No. Of Seedling Seedling

Chemical Studies Numbers Weight N*We
MC33 5 0 17 17
Metham Sodium 2 4 6 10
Dazomet 6 -6 12 3
Chloropicrin 7 0 18 17
Triform 3 0 21 21
Mean 2 16 13

*Difference in products of seédlihg weights and numbers for treatment minus that for control as a percent of treatment.’

plastic would have to be maintained for several months or the ground would be exposed to the
forces of erosion for a long period of time. Either way, the land would have to remain fallow.
Large-scale field solarization will invariably have irregular effectiveness due to wet spots and soil
texture influences. Although it may not be difficult to raise mean surface temperatures to near
50°C, at a depth of 6 to 10 inches temperatures will be 15-2° cooler.

Organic Amendments - :

The possibility of using organic amendments to manage populations of soil microorganisms so
that pathogens are held in check by natural processes has long been a research ambition of plant
pathologists. Interests in that area of research has increased and abated for several decades as
positive laboratory results failed to be duplicated in the field and the mechanisms responsible for
the behavior of soil microorganisms have not become much more apparent (Papavizas 1973).
However, research has been reanimated by the potential loss of MBr and there is some hope that

- organic amendments will provide protection from disease and enhance seedling growth in forest
tree nurseries (Kannwischer-Mitchell ef al 1994). Although the actual effectiveness of this
practice is not proven, the use of such amendments to improve overall soil health and tilth is a
worthy goal. Even so, the cost of these amendments could easily make them impractical.
Treatments being investigated range from 1 to 4 inches of compost materials (135 to 540 yards®/
ac). Although the cost of compost materials vary widely between nurseries under current average
demands, which are for maintaining soil organic mater, we suspect that efforts to obtain 8,100
yds® (or enough material to apply 2 inches to 30 acres) would do little to decrease costs. If the
material cost $7.5 a yard, two inches could cost close to twice as much as fumigdtion even before
the increased costs of fertilizer, insect and weed controls were calculated. Cost/benefit ratio for
organic amendments are not available.




Regeneration Success
Based on the average outplanting performances among published studles grade 1 seedlings can -

have a present net value (PNV) of $100 per thousand more than grade 2 seedlings (South and
Mexal 1984). Using South and Mexal's estimate, the data presented in Table 5 indicate that
fumigation with MBr increased the seedling value per nursery acre $13,380 without increasing the
- number of seedlings. However, since values should be based on outplanting performance, what
would the impact on the rest of the forest industry be? More conservative projections based on
increased growth of outplanted seedlings indicate that treating the entire Glennville nursery with
MBr could have increased plantation productivity by 2.3% (Carey and South 1995). Such
increases could effect the economy of the South more than the $35 million loss projected by the
USDA for forest tree nurseries after the loss of MBr.

TABLE 5. Treatment comparisons for the 1994 Glennville, Ga. Fumigation trial®

Treatment Seedling/fi? Diameter #1's/f2

Dazomet 19.6a 5.2a 14.1a
MC2 22.2a 5.8b 19.8b
MC33 20.5a 59b 18.1b

*Means in the same column followed by the same letter do not differ at 0.05.

CONCLUSIONS

1. Methyl bromide has a proven tract record as a safe and effective pesticide in forest tree
nurseries and in agriculture in general over the past 40 years. By controlling soil-borne pests,
MBr has consistently enhanced the production of larger numbers of improved quality
seedlings per unit of land. The reliability of this pest control program has allowed nursery
managers to concentrate on improving seedling quality in such areas as size, morphology and
nutrient balance, and in increasing seedling uniformity and customer satisfaction. :

| 2. Although not a focus of this note, it seems apparent that MBr ongmatmg from agricultural
activities has little impact on stratosphenc ozone.

3. None of the chemical or cultural methods mvbstlgatcd as possible replacementé for MBr
fumigations bave been as cost effective as MBr. None of the alternatives control the wide
variety of soil-borne pests controlled by MBr.

4, The use of MBr has resulted in the productlon of larger, seedlings that have a positive effect
on the economics of plantatxon forestry across the South.
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At the Winona Nursery
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Bill Carey

INTRODUCTION

Forest tree nurseries have one of the largest benefit per acre fumigated or per pound of methyl
bromide (MBr) used of all crops that utilize significant quantities (Anonymous, 1993) and
fumigation, with 2% or 33% chloropicrin, has become almost universal in southern forest

j nurseries (South, 1992, Carey, 1991). The expected loss of this important management tool after
the year 2001 understandably concerns nursery managers. Hopefully, new fumigants,
combinations of fumigants, or improved application techniques will provide adequate
replacement for current fumigation practices.

Across the country, the improved seed efficiency and seedling quality attributable to MBr
fumigation has appeared to be independent of region, soil type, or tree species (Carey, 1994).
Unfortunately, recent trials indicate that efficiencies of potential replacements for MBr will be
more site specific. This makes preliminary screenings advisable at each nursery.

METHODOLOGY

The Winona Tree Nursery is located near Winona, Migsissippi on a silt loam soil (57% silt, 14%
clay and 29% sand) with a pH of 5.9. The study area was last fumigated (350 Ibs/ac MC33) in
1990 and produced two crops of pine seedlings (1990 and 91) and two cover crops (winter wheat
and sudex in 1992 and 93). :

The study area is eight beds wide and 600 ft long. Treatments were assigned, within eight
adjoining beds containing eight plots each in a standard 8 by 8 Latin square. Treatment plots
were one-bed-wide (5ft) by 62 feet long and separated within a bed by 15 foot buffers. Six
fumigation treatments, 350 lbs/ac 67% methyl bromide plus 33% chloropicrin (MC33), 300
Ibs/ac 70% 1,3 dichloropropene plus 30% chloropicrin (Triform®), 250 Ibs/ac chloropicrin
(96.5% ai HDPic®), 400 Ib/ac metham-sodium, 400 bs/ac metham sodium plus 115 Ibs/ac
chloropicrin or 250 lbs/ac dazomet (Basamid®) were applied April 27, 1994, The dazomet was




-
~

applied to the soil surface and rototilled immediately into the soil. All other fumigants were
shank-injected and covered immediately by plastic tarp. ‘

A single mixed seed lot of loblolly pine (Pinus taeda L.) was sown in all study plots May 18,
1994 (21 days after fumigation). Seedlings were counted 35 and 202 days after sowing (June 23
and December 6, 1994). Seedlings within a four-square-foot frame were counted at two
systematically located points within each treatment plot. When the December counts were made,
more than 25 seedlings were removed from each counted subplot for determination of size and
mass. Root collar diameters were measured for 25 seedlings randomly selected from each subplot
and these (25) were then ovendried to a constant weight.

All weeds were counted 58 days after fumigations within the same four-square-foot areas
within which seedbed densities were assessed (June 23, 1994). Weed cover was also estimated
on a scale of 1 to 10 for the whole plot.

- Soil samples were collected from 12 treatment plots two days before fumigation and from all
plots (n=64) 58, 130 and 244 days after treatment. Soil was collected at points roughly 1/3, %4
and 2/3 into each treatment plot, bulked and transported to the laboratory to be plated and
assessed for Fusarium, Trichoderma, and Rhizoctonia.

RESULTS

The Nursery Coop has evaluated fumigation trials at five nurseries over the past three years using

the techniques described here. Winona's soil is by far the heaviest among these nurseries. Soils
~were greater than 90% sand at the other four nurseries compared to less than 30% at Winona

(57% silt, 13% clay).

Seedling Quality:
. No differences were measured for seedbed densities or in seedling quality among treatments
(Table 1). Differences in seedbed densities are usually attributable to disease so a lack of
difference is not surprising. Past studies have shown the suppression of chronic, soil born,
diseases by MBr for more than two years. Past fumigation and cultural practices over several
years have reduced the incidence of low soil diseases. However, there have been differences in
seedling quality between fumigation treatments in several studies. No significant seedling quality
differences among fumigation treatments is unusual.

N

Weeds: S
Numbers of weeds and weed cover per plot differed among treatments (Table 2). These

variables also differed within the study area for column but not for bed location. As expected,
MC33 reduced weeds more than the other fumigants.
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Table 1. Fumigation effects on seedbed density and seedling development.

Number/ft? Seedling Grade! Weight
(Date)
Treatment?>  6/23 12/6 Dia. plant one cull total root
4.2

Control 26 27 181 3.8 85 81.3 173
MC33 27 28 4.4 17.5  2:110.5 919 173
HD-PIC 28 26 4.2 169 29 838 80.8 15.8
Triform 28 30 4.1 222 26 82 91.9 16.8
SMDC/Chl 28 28 4.3 179 29103 914 17.0

SMDC 27 28 - 4.2 190 33 86 854 17.6
Dazomet 27 26 4.2 200 23 64 80.9 15.6

Isd®*27 38 02 4.5 1.9 137163 34

' Seedling grades of one, cull and plant, respectively, refer to root collar diameters > 4.75mm, <
3.2mm, and > 3.2mm. The numbers reported for grade and for weight are for square foot of bed.
?MC33 is 235 Ib/ac 67% MBr + 37% chloropicrin, HD-PIC is 250 Ib/ac chloropicrin, Triform =
300 Ibs/ac 70% 1,3 dichloropropene plus 30% chloropicrin, SMDC is 400 Ib/ac metham-sodium,
SMDC/Chl is 400 Ibs/ac metham sodium plus 115 Ibs/ac chloropicrin, and dazomet is 250 1b/ac.
*lsd is for SAS ANOVA ¢, 0.05.

Table 2. Weed abundance by treatment 53 days after fumigation.

Treatment! Numberin 4 f* Percent Coverage

Control 13.7a 38.7a
MC33 : 23 ¢ 59 ¢
HDPic 6.1 be 14.4 be
Triform " 4.5 be 21.2 be
SMDC 9.5 ab 25.0ab .-
SMDC/Chl 26 ¢ 112 be |
Dazomet 46 bc . 219 be”

Isd? 5.3 7149

"MC33 is 235 Ib/ac 67% MBr + 37% chloropicrin, HD-PIC is 250 1b/ac chloropicrin, Triform =
300 Ibs/ac 70% 1,3 dichloropropene plus 30% chloropicrin, SMDC is 400 1b/ac metham-sodium,
SMDC/CHhl is 400 Ibs/ac metham sodium plus 115 Ibs/ac chloropicrin, and dazomet is 250 1b/ac.
?1sd and Duncan's means separation are for SAS ANOVA « = 0.05.
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Table 3. Colonies of soil fungi on selective media receiving 0.5 ml suspension containing 4.4
mg nursery soil by fumigation treatment and sampling date.

Fusarium Trichoderma Herr's Medium
date! date ___date
Treatment* 6/2 39/5 12/6  6/23 9/5 -12/6  6/23 9/5 12/6
Control 6.8 10.3 8.0 6.4 5.8 5.1 12.9 12.3 9.6
MC33 29b 38b 20b 102b 107b 10.6b 102 13.7 5.8

HD-PIC I5b 29b 37b 107b 66 125b 194b 9.1 22.3b
Triform 3.7 57 53 11.0b 7.2 50b 17.7b 106 12.8

SMDC/Chl 19b 15b 31b 6.0 4.5 32 6.5b 9.1 11.3

SMDC - 5.4 10.5 8.1 4.8 4.8 3.2 12.6 10.2 10.1
Dazomet 5.2 8.4 72 5.3 4.3 3.8 112 47b 6.4
Isd? 2.9 24 3.5 3.8 2.3 2.4 5.5 5.9 12.8

' Dates 6/23, 9/5 and 12/6 are, respectively, 58, 130 and 244 days after fumigation.

2MC33 is 235 Ib/ac 67% MBr + 37% chloropicrin, HD-PIC is 250 Ib/ac chloropicrin, Triform =
300 Ibs/ac 70% 1,3 dichloropropene plus 30% chloropicrin, SMDC is 400 Ib/ac metham-sodium,
SMDC/Chl is 400 Ibs/ac metham sodium plus 115 lbs/ac chloroplcrm and dazomet is 250 1b/ac.

31sd is for SAS ANOVA « 0.05.

Soil Fungi:
Numbers of colonies of Fusarium, Rhizoctonia, and Trichoderma in soil samples from two
days before or 58 days after treatment did not differ for position (bed or columns) within the
nursery (Table 2). Numbers of soil fungi, especially Trichoderma, should be considered to

_ represent proportional differences between treatments rather than an exact number of cfu's per
gram of soil. With that caveat, populations of soil fungi at Winona responded similarly to
those at other nurseries. More colony forming units (cfu's) of Trichoderma afier fumigation
with MC33, chloropicrin or Triform (see Table 2) and no increase or a decrease after dazomet
has occurred at the other tested nurseries. No reduction in cfu's isolated on Herr's medium
after fumigation has not occurred at other nurseries. Because Winona is the only heavy
textured soil tested using these techniques this may be normal for this soil texture. Numbers of

| . Fusarium cfu's were fewest among treatments that mcluded chloropicrin (MC33 chloropicrin,

sectagon plus chloropicrin and Trlform)

‘\‘

LICATIONS FOR AGEME

In pine nurseries, most weeds are effectively controlled by herbicides and weed abundance did
not differ among fumigants after herbicide application at Winona. Nevertheless, savings for
reducing herbicide applications (both economic and ecologic) could reduce the cost for
fumigation, Whether the reduction from 13.7 to 2.4 weeds per 4 ft* (at 35 days after sowing)
would reduce herbicide applications would vary between nurseries with such factors as the weed
tolerance of the nursery manager and the flexibility of personnel and equipment schedules.
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A SINGLE NURSERY TEST OF HOT WATER, 1,3-D, AND METHAM-SODIUM
AS ALTERNATIVES TO METHYL BROMIDE

by
William Carey

IN TRODUCTION

Fumigants containing methyl bromide (MBr) are widely used to insure seedling quahty and
production in southern forest tree nurseries. Because MBr will probably not be available in the
near future, alternative treatments should be evaluated within the framework of current cultural
practices both to acquaint nursery management with necessary techniques and provide estimates
for possible changes in seedling growth. One proposed alternative is the use of hot water as a
soil treatment. The injection of super-heated water into the top soil horizons may control disease,
weed, and insect pests much the same way as MBr. Other alternative substitutes for MBr are the
already known fumigation chemicals 1,3-dichloropropene (1,3-D) and Metam-sodium with
chloropicrin. The objective of this study was to test hot water and these two chemical fumigants
as possible substitutes for MBr and to compare their efficacy agamst the standard Methyl-
brom1de/chlorop1cnn fumigation.

METHODOLOGY
The chemical fumigants and the hot water treatment (HWT) were installed durmg the Spring of

1994 at the MacMillan Bloedel nursery near Camben, Alabama. The field design compromised

total randomization for cost-efficient and safe application of the commercial (MC?2) treatment to a
contiguous area and the need of current apphcat1on technology with respect to the HWT (Figure 1).
The following treatments were applied:
1) Methyl bromide plus 2% chiefopicrin (MC2) at a rate of 350 lbs/ac injected and
covered with continuous plastic tarps on March 28. :
2) Triform® at 350 Ibs/ac (1,3-dichloropropene (1,3-D) at 235 Ibs/ac plus chloropicrin at
115 Ibs/ac, injected and tarped on April 17.
3) Metham-sodium mechanically incorporated at 400 Ibs/ac, followed by shank injected
chloropicrin at 125 Ibs/ac and soil surface compaction using a drum-roller.
4)  Hot water at 110° C (230°F), shank-injected and mechanically mixed by vertical




shaft cultivators to a depth of 6 inches. Approximately 1,700 gal of water were
applied to 400 linear feet of nursery bed for the equivalent rate of 37,000 gallons
per acre. The boiler unit traveled approximately 44 ft/minute (0.5 mph).
Soil temperatures were recorded for several hours for nursery Blocks 9 and 10 using continuous
recording thermometers (Thermographs). Temperatures were recorded in the other four blocks
during the 15 minutes after application using hand-held probes that were relocated within a 10-
foot section of nursery bed between readings.

Loblolly pine (Pinus taeda) was sown the first week of May, 1995. Seédlings per square foot
(seedbed density) were determined on June 6 and Nov. 11 using either 3 or 4 samples taken with
a 4 fi* counting frame. Seedlings were lifted from these same frames on Nov. 11 to measure size

and mass.

Soil samples were collected within each nursery block before treatment (March 21, 1995) and
within each treatment block when seedbed densities were determined (June 6 and November 11).
Samples were collected across transects within each treatment block using a 3/4" diameter soil
probe, bulked and mixed thoroughly. These samples were used to determine soil texture, pH s011
fungi, and nematodes. :

RESULTS:

Seedling Development

The large area covered by this study (more than 40 acres) increased block dlfferences more than
b was anticipated. Soil textures ranged from 65-75% sand, 12-17% silt, and 10-22% clay across
the 6 blocks (45.6 acres total area). The average was 73, 14, and 13% sand, silt, and clay,

respectively. Soil pH averaged 5.45 with a range of 5.1 to 5.8. In addition, the time of sowing

and number of seedlots contributed to variability of germination and seedling development.

Fewer seedlings among the normally reliable "standard-practice-control" MC2 treatment (Table
1) is puzzling and removes an anticipated benchmark for variability among blocks. In June, the’
MC2 treatment contained fewer seedlings/fi* than any treatment but the control. With 2.5 fewer
seedlings/ft?, the MC2 treatment was unusually poor compared to its relative performance in other
studies. Areas of stunted seedlings within MC2 treatments were determined (based on root
morphology and foliage phosphorus) to have insufficient mycorrhizal colonization. Although not
believed to affect seedbed density directly, insufficient mycorthzae unusually indicates "effective"
fumigation which could have aﬁ"ected other non-momtored soil microorganisms.

The 1,3-D/chloropicrin and the metham_—,s_c‘)@um/chloroplcrm treatments ranked among the best
for both numbers and sizes. The hot-water treatment improved seedling production compared to
the control. Other treatment combinations did not rank consistently for numbers or sizes of
seedlings. Bed densities differed between treatments only for the comparison limited to the three
treatments included in all six blocks (ANOVA P = 0.01). Seedbed densities were negatively
correlated with average red ® =-0.54, P = 0.02) and the number of grade-one seedlings/ft’ ® = -
0.56 P =0.02). However, seedling weight per unit area of bed did not differ between treatments.
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Seedling weights were analyzed by square-foot of nursery bed to compensate for the tendency for
individual size to vary inversely with bed density. Lower bed densities among MC2 treatments
compared to controls should and did correlate with larger mean rcd's and more grade-one
seedlings. However, within the range of seedbed densities assessed here, per area biomass is
reported to decrease with decreases in bed density. Therefore, although the significant increase in
individual biomass (mean rcd's and numbers of grade-one seedlings) in MC2 treatments is
expected, greater per area biomass is not, and indicates growth enhancement by treatment.”

Fungi

Treatment means and Isd's for the three selected groups of soil fungi are presented in Figure 2.
Among June samples, cfu's of all three fungi differed between treatments but not between blocks.
In November, only numbers of cfu's of Fusarium differed between treatments (P < 0.05). The
significant correlation between November and June seedbed densities (r=0.95 P = 0.0001)
indicates that little or no post-damping-off mortality occurred in any treatment.

Nematodes

Treatment effects on nematode populations are presented in Table 2. No treatment contained
more than 2 pathogenic nematodes per 100 cc of soil in June and treatments did not differ (P =
0.34). Pathogenic nematodes increased by November except among MC2 treatments where none
were extracted but treatments still did not differ (P = 0.08). Numbers of saprophytic nematodes
differed between treatments in June (P = 0.02) and in November (P=0.006). By November,
saprophytic nematodes were more abundant among metham-sodium/chloropicrin treatments (« =

- 0.05).

Hot Water Treatment

It was hoped the HWT would raise soil temperatures in the top six inches to approximately 50° C
for 15 to 30 minutes. On the large scale, the thermograph data indicated this occurred (Figure 3).
The small scale or movable probe data, however, indicate that despite mechanical mixing,
temperatures varied about 10° C between "pockets" of soil for five to ten minutes after treatment.
The effect of this-on soil pathogens within these parts of treated beds is not known. Certainly,
the HWC resulted in a larger average seedling size and higher seedbed densities when compared
to the control, although this difference did not separate statistically (Table 1). _

MANAGEMENT IMPLICATIONS

Using 1994 technology and a treatment rate of 3 to 4-acres per hour, the speed of hot water
treatment is not practical to the scale of forest tree nurseries. However, planned modifications
for continuous water supply and the ablhty to treat more than one bed width, could reduce the

time required significantly.

The two chemicals tested in this 'study proved to be suitable substitutes to MC2 as measured by
seedling density and development. Metham sodium did not provide the same level of nematode
control as the other two chemical treatments.




Table I. Treatment means for pine seedling production by soil treatment at the MacMillan
Bloedel nursery near Camden, AL.

Values per ft? of nursery bed
Average Bed Density Grade 1 Oven Dry Weights

N  Treatment _red  Spring _Fall Seedlings Shoot Root Total
6 Control 40 ¢ 228ab 227ab - 22 ¢ 45.3 14.5 60.0
6 Hot Water 4.1 bc 24.la 244a 47 bec  53.6 169 70.5
6  MC2 45a 203 b 203D 7.1ab 55.8 167 726
3 Triform 45a 240a 22.6ab 82a 574 18.0 75.5
3 Sec/Chl 4.3 ab 24.1a 229ab 5.2 abc 547 153 170.1

Isd 024 3.4 3.6 4.7 149 43 18.1

Table 2. Nematodes (per 100 cc of soil) by treatment at the MacMillan Bloedel nursery.

Pathogens ' ~ Saprophytes
N Treatment - June November June November
6 Control 0.5 52.3 1083 a 1642 a
6 Hot Water 1.8 46.0 85.7ab 204.0 a
6 MC2 0.7 0.0 413 b - 1410a
3 Triform 0.0 3.7 41.7 b 253.0a
3 Sec/Chl 00 . 16.0 . 68.0 ab 404.7b

‘ Figure 1. Plot layout at the MacMillan Bloedel nursery.
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Soil fungi by treatment and da_te
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Figure 2. Colony forming units of Trichoderma, Fusarium, and
Rhizoctonia by soil treatment and date at a forest tree
nursery. o




40

35

.60
50
40
30
20

10

0

DEGREE C
0

I | : MOVABLE TEMPERATURE PROBE
1 5 10 15 20
MINUTES AFTER TREATMENT

—BLOCK 2 ——BLOCK1 ~—* BLOCK 5 ~5-BLOCK 6
APRIL 5-6
|, TEST BLOCK BLOCK 10 - X _BLOCK 9
i " STATIONARY (THERMOGRAPH) PROBES
] A A 4 i d H L 1 1 1 1 .l L i 1 L 1 HSEL I | 1 W R S

5678910112123 45678910112123456
CENTRAL TIME

—— CONTROL 6" —+2° <—%-g¢ . ~-8-2¢ —-§ -2 L &gt

\.v

Figure 3. Soil temperatures after shank injecting and mechanically mixing (to a
6 inch depth) 110° C water at a rate of approximately 37,000 gallons per
acre. , o ‘




Auburn University
Southern Forest
‘Nursery Management
Cooperative

RESEARCH REPORT 98-2

PINE SEEDLING PRODUCTION AS AFFECTED BY FUMIGATION AND PLANT
GROWTH PROMOTING RHIZOBACTERIA AT A GEORGIA NURSERY

by
Bill Carey and Scott Enebak

INTRODUCTION .
Although methyl bromide (MBr) fumigation satisfactorily controls most soil-born pests at

southern forest seedling nurseries its use may be withdrawn or limited after the year 2,000.
Alternative fumigants usually have less activity against some category of pests (weeds, nematodes
or pathogens) controlled by MBr and their efficacy will vary between nurseries depending on the
relative importance of endemic problems. It may be possible to enhance seedling growth without
chemical treatments. Plant growth promoting rhizobacteria (PGPR) applied as seed treatments
have promoted growth and controlled some soil-born pathogenic fungi on forestry species
(Chanway, 1997). This report summarizes seedling production and differences between selected
soil fungi (Trichoderma and Fusariumy and weeds for two 1-0 loblolly and slash pme seed]mg
crops after a single fumigation.

METHODOLOGY
The fumigants, MC2 (300 Ibs/ac 98% MBr, 2% chloroplcrm) and chloropicrin (300 Ibs/ac) were
each applied to a one third section of two blocks on F ebruary 16, 1996 and the remaining
(middle) third was not fumigated. On April 9, 1996, seed from four half-sib seedlots of loblolly
and from four of slash pine were removed from stratification and half of each was treated with a
PGPR preparation of Burkerholdia cepecia at the rate of 0.3 ml bacteria per gram of seed. On
“April 1, 1997, the same PGPR preparation was apphed to seed from three of the same loblolly
families and to two of the same slash families as in 1996 plus a previously not treated slash family.
PGPR treated and not treated of each family was sown in each fumigation treatment. Seedling
development was assessed October 1996 and November 1997. Seedbed densities were assessed
within two 1-foot-wide frames across beds (4 fi%) within each fimigation by seedlot by PGPR




} treatment. Weeds were counted when seedbed densities were assessed. Each fall, the center six
drills of each seedbed density plot were harvested and 25 seedlings were randomly selected from
each. Root collar diameters (RCD) were measured before tops were separated from roots, oven

dried, and weighed.

Fumigation effects on soil fungi in the genera Trichoderma and Fusarium were assessed as colony
forming units (cfu's) / gm soil at three and eight months after fumigation. Soil samples were
bulked by treatment across three transects and 0.005 gm subsamples, in 2% water agar,
transferred to selective media. .

RESULTS AND DISCUSSION

With the exception of initial seedbed density (35 days after sowing) no measured parameters
differed (a < 0.05) by PGPR treatment. Initial seedbed densities differed between treated and not
treated seeds for slash but not lob in 1996 and for lob but not slash in 1997. Final seedbed
densities did not differ (by PGPR) and initial seedbed densities may reflect changes in germination

rate.

Seedling production by fumigation treatment is presented in Table 1. Treatments improved mean
RCD, stem weights per bed foot, and numbers of grade one seedlings (RCD > 4.7 mm) in the first
crop after fumigation for both species. At the second harvest, only seedling weights differed
among lob seedlings and chloropicrin plots produced the largest seedlings. Second crop RCD's
no longer differed among lobs but a strong (p=0.01) positive (r=0.81) correlation to first year
treatment by family means continued. Among slash seedlings, RCD's differ both years and were
positively correlated (r=0.72, p=0.03). Slash seedlings were heaviest in MBr plots.

In May 1996, there were fewer weeds in MBr than chloropicrin fumigated plots (0.5 vs 5.6 / 4
f?). By November that year, most of these weeds appeared to have been eliminated by post
emergent herbicides. However, by October 1997 weed numbers, and differences between
treatments were again similar to initial counts with MBr plots containing fewer weeds than
chloropicrin plots (0.25 vs 5.9 / 4 fi%). Final weed numbers (Oct. 1997), in spite of regular
herbicide treatments, were very similar (r=0.87, p=0.02) to initial counts (May 1996).

Data for soil fungi are presented in Table 2. More cfu's of Trichoderma were recovered from
fumigated than not fumigated soils at both 87 and 235 days after treatment. Similar increases
have been common after MBr or chloropicrin fumlgatmn at forest tree nurseries and for other
crops. Trichoderma is associated with the b1olog1cal control of several plant diseases and is

- considered beneficial for nursery seed]mgs (South and others 1997)

Cfu's of Fusarium decreased with either fumigant and remained low through October 1996,
however, by October there were increases among chloropicrin compared to MBr fumigated plots.
Fusarium is a common plant pathogen often associated with damping-off in pine nurseries. The
effects of either fumigant on this fingus should help control damping-off. '

O



MANAGEMENT IMPLICATIONS

This study indicates that chloropicrin substitutes adequately for MBr for some but not all of its
normal fumigation benefits. Both fumigants enhanced seedling growth during the first crop and
influenced the monitored soil fungi, particularly Trichoderma, similarly. Chloropicrin did not (as
usual) give the weed control associated with MBr and this could become more serious with
subsequent crops depending on the effectiveness of available herbicides for the endemic weeds.
There was no indication that seed treatments with the tested PGPR enhanced seedbed densities,
seedling rcd's, or biomass.
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Table 1. Effects of fumigation in 1996 on two years of loblolly and of slash pine seedling production at a

Georgia nursery. '
- Seedlings Parameters St_ém&tﬁby red class
Pine Year Fumigant® red(mm) weight(gm)? all >3.2mm >4 7mm
Lob 96 None 5.1a 36a 9.3a 8.9a 6.4a
MBr 5.5ab 51b 13.5b 134b 11.5b
Chloropicrin 600 52b 11.0ab 10.9ab 9.8b
97 None 4.3a 493 13.3a 12.0a 3.9a
MBr 4.5a 50a 13.7a 12.2a 4.5a
Chloropicrin 4.5a 63b 15.1a 13.5a 5.5a
Slash 96 None 492 46a 1492  14.1a 8.7a
MBr 6.0b 61b 14.1a 13.8a 115b
Chloropicrin 5.5ab 58ab 14.2a 13.8a 10.3ab
97 None 5.4a 65a: 13.6a 12.7a 9.6a
MBr 5.8ab 78 b 13.6a 12.9a 9.7a
Chloropicrin 6.0b 73ab 12.2a 11.8a 9.2a

1 This is dry weight of seedling stems /ft* of nursery bed.

Table 2. Fungal populations after a February 16Afumigation at a Georgia nursery.

cfu'st /0.1 gm soi s after fumigation
Fungal Genus Treatment 87 after 235 after
Trichoderma None 121a 136a
" MBr 237b 250 b
" Chloropicrin 254 b 206 b
Isd 36 46
Fusarium None 119a 116a
" MBr 16 b = 16 b
" Chloropicrin 6b -~ 59 ¢

Isd . .26 32

1From 1:200 dilutions.
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LOBLOLLY SEEDLING PRODUCTION, SOIL FUNGI AND NEMATODES IN THE FIRST
TWO CROPS AFTER FUMIGATION AT THE TEXAS SUPERTREE NURSERY

by
Bill Carey

! INTRODUCTION ‘
Methyl bromide (MBr) fumigation has satisfactorily controlled most soil disease problems and
enhanced forest tree seedling production throughout the South since the late 1950's. That
fumigant is indited as contributing to stratospheric ozone depletion and its use will probably be
withdrawn or limited after the year 2,000. All the alternative fumigants have less activity against
at least some of the pests (weeds, nematodes and pathogens) controlled by MBr and should vary
in suitability between nursery locations depending on what problems are endemic there. This
report summarizes seedling production and changes in numbers of selected soil fungi
(Trichoderma and Fusarium) and nematodes during two 1-0 loblolly nursery crops after a single
fumigation.

METHODOLOGY ' :
Three treatments, MC2 (300 Ibs/ac 98% MBr 2% chloropicrin), Triform (290 Ibs/ac 70% 1-3

dichloropropene and 30 % chloropicrin) andgh_lordgi'qg'ﬁa (300 Ibs/ac) were each randomly
assigned to one third of each of three blocks. Irfigatiortlines between blocks helped maintain
treatment integrity, Blocks were 68 feet wide and 680 foot long and nine beds were sown each
.year. One bed in each MBr replicate was left not fumigated as a control and half of each
chloropicrin replicate was tarped. Fumigation treatments were applied February 22, 1996. The
biologically derived nematocide, DiTera®, was applied to the fifth bed of each block during the
second crop after fumigation. DiTera was applied at a rate of 2.5 gal/ac (in 40 gal/water) on July
1,8 and 18 and at a rate 5 gal/ac on September 16 and 26, 1997. The soil at this nursery, near
Tyler, Texas is 87% sand.




——l

Loblolly (Pinus Taeda) seed were sown on April 16, 1996 and April 22, 1997. Seedling
development was assessed November 12, 1996 and October 31, 1997. Seedbed densities were
assessed within two 1-foot-wide frames across beds (4 ft) per fumigation treatment plot. The
center six drills of each seedbed density plot were harvested and 25 seedlings were randomly
selected from each. Root collar diameters (rcd) were measured before tops were separated from
roots, oven dried, and weighed. In 1997, plots in DiTera treated rows were included.

Soil fungi in the genera Trichoderma and Fusarium were assessed as colony forming units

(cfir's)/ gm soil at one week prior to and five and nine months after fumigation. Samples were
bulked by treatment plot (n=15) and 0.005 gm subsamples, in 2% water agar, transfered to 6.5 cm
diameter Petri plates with selective media. Samples for nematode analysis were collected at the
end of each growing season. In 1996, soil samples were collected through treatment plots (n=15)
and in 1997, soil was collected at each seedbed density plot and bulked by fumigation and DiTera
treatments.

RESULTS AND DISCUSSION

Differences between tarped and not-tarped chloropicrin treatments were not significant so those
data were combined. In the first crop after fumigation, there were fewer total and fewer plantable
(RCD > 3.2 mm) seedlings in MBr than in control plots. Although MBr fumigation seldom
reduces germination or survival a similar, unexplained, reduction in seedling numbers but not
growth occurred in Alabama in 1995 where MBr plots contained fewer seedlings than Triform or
chloropicrin/Vapam treated plots (Research Report 97-7). Reductions in mycorrhizae can reduce
growth, and rarely nursery survival, but this is not indicated here. Seedbed densities did not differ
between control, Triform, and chloropicrin treatments and this indicates that there was little
disease pressure to affect germination or survival.

Numbers of plantable seedlings were similar among treatments. However, seedling mass per unit
area of bed, RCD mean and grade one seedlings (RCD > 4.7 mm) indicate that all fumigants
enhanced growth in the first crop after fumigation. The effect did not persist, in the second crop
differences between fumigated and not fumigated beds were small. Normally, as seedbed density
increases average seedling size becomes smaller and biomass per unit area increases. In the
present study, seedbed densities were higher in the second crop 24.5 vs 18.3 /fi? Isd=2.7) but
biomass was lower (50.3 vs 80.8 gm/ft? Isd=14.6). Although the growth enhancement of
'ﬁlmlgauon normally declines in the second year, the absence of any effect (as indicated in Table 1)
is unusual,

Data for soil fungi are presented in Table 2, ,.Cfu's of Trichoderma were similar among fumigated
plots at all sample dates but increased compared to controls by November among fumigated plots.
Increases in this fungus after MBr or chloropicrin fumigation have been observed at other

- nurseries and for other crops and abundant Trichoderma is associated with the biological control
of several plant diseases and is considered beneficial for nursery seedlings (South and others
1997).

Cfu's of Fusarium decreased after fumigation and stayed low through November 1996 among

2




fumigated plots, however, at no date did treatments differ significantly and mean cfir's were not
reduced by Triform. This common plant pathogen is often associated with damping-offin pine

nurseries and the failure of Triform to reduce its numbers is troubling even though disease
problems did not occur during the study.

Nematodes from the first crop were analyzed as routine agricultural samples and only plant
parasites were reported. The stunt nematode (Tylenchorhynchus claytoni) was the only species
reported from most samples (mean 19, range 0 - 44 / 100 cc soil). Second crop nematodes were
analyzed as research samples and parasitic and saprophytic groups are reported in Table 3. Stunt
nematodes remained the most abundant parasites but numbers were still less than has been
associated with growth loss of pine seedlings. The nematode extraction technique used in 1997
less efficiently extracts stunt nematodes than that used in 1996 (Rodriguez-Kabana and Pope,
1981). MBr was the only tested fumigant that reduced numbers of stunt nematodes (@0.05) m
the second crop. Saprophytic nematodes averaged 150 / 100 cc and these and the few stubby
root nematodes (mean 2.7) did not differ among fumigation treatments. DiTera treatment did not
affect the number of nematodes extracted. Numbers of nematodes did not correlate either with
seedbed densities, seedling sizes, or weights.

Hopper (1958) reported that "low infestations" of stunt nematodes seemed not to affect pine
seedlings but that 75 and 125 per 100 cc soil caused severe injury at nurseries, respectively, in MS
and LA. Although within our study area control plots averaged only 30 stunt nematodes /100 cc,
outside this area they were very abundant (> 1,000 / 100 cc) among patches of stunted seedlings.
These stunted seedlings had symptoms of nematode damage and root inspection for the more
virulent lesion nematode (Pratylenchus sp) was negative. Since stunt nematodes can buildup in
this soil it is unfortunate the alternative fumigants seemed ineffective.

MANAGEMENT IMPLICATIONS

Chloropicrin and Triform enhanced seedling development as well as MBr during the first crop
after fumigation but did not suppress numbers of stunt nematodes as well. DiTera did not affect
‘numbers of stunt nematodes.
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Table 1. Effects of fumigation in 1996 on two years of loblolly production at a Texas nursery.

Seedlings Parameters ___ Stems/f> by RCD class
Year Fumigant' RCD(mm) weight(gm)' all  >32mm  4.7mm
96 None 4.6a 6la 19.7a 19.1a 6.8a
MBr 55b 82ab 164b 16.2b 1220
Chloropicrin 5.4b 91 b 18.5ab  18.4ab 12.7b
Triform 5.4b 89b 18.6ab  18.4ab 13.4b

97  None 3.8a S54a 23.3a 1942  28a
MBr 3.7a 54a 25.5a 19.1a 1.6a
Chloropicrin 3.7a 46a 234a 16.7a 2.4a

Triform 3.6a 47a 253a 17.9a 2.4a

+ This is dry weight of seedling stems /ft* of nursery bed.

Table 2. Fungal populations before and after a February fumigation at a Texas nursery.

cfi'st /0.1 gm soil by sample date

Fungal Genus Treatment 10 before 117 after 230 after

Trichoderma None 240 260 80a

" MBr 240 260 340b

" Chloropicrin 240 260 280 b

" Triform - 240 260 320b
Fusarium None : 240 100 - 100

" MBr 240 20 60

" Chloropicrin . 240 20 60

" Triform 240 140 140

1From 1:200 dilutions.

Table 3. Numbers of nematodes by fumigation and DiTera 22 months after fumigation.

Fumigant Stunt  Stubby Root ~  Saprophytic Dorylaimoid
None 31a 2 157 30
MBr 0b I 195 5
Chloropicrin 15ab 6 110 10
Triform 19ab 1 142 2

Ditera
None 12 2 118 - 10
Yest 16 4 193 ' 7

tDitera at 3 application of 2.5 gal/ac and 2 application of 5 gal/ac.
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A COMPARISON OF CHLOROPICRIN, METHAM-SODIUM, AND EPTC
~ COMBINATIONS AS-METHYL-BROMIDE ALTERNATIVES
AT THREE NURSERIES

]NTRODUCTION - ' ‘ o
.- The-effects.of fumigation with chlorop1crm and combmauons of ‘chloropicti
- -sodiym and or with BPTC were investigated af three nurseries. Alth‘
increase seed efficiency and seedling quality, fumigation remain
(Cyperus rotundus L) end yellow nutsedges (C. esculentiis L) w?mch have been oorly controlled
by other fumigants than MBr (Carey 1994). Therefore, the preemergent herb101de EPTC was
sy mcluded ’co mcrease the acﬁwty of chloropmnn for nutsedge ' - _

¥ ritle Reg 98.
ﬁmgants were apphed by Hendnx and Dale Inc. a few weeks before sowmg The four’
treatments all contamed chloropmrm Seed sources, seedbe densities, ferti igati

¥ the cefiter of each fumlgatlon plot Seedlmg numbets and 6vel dry Wéights Wets tré
values per square foot to separate treatment effects from that of seedbed density. Compansons
between nurseries are for loblolly only and for the treatments common to all nursenes




Comparrsons among means are from SAS Duncans (a 0. 05)

At Flint River in 1997, purple nutsedge occurred in the study area and this was assessed in .
Novembet by collecting all thizomes ("nuts") within each seedbed density plot. At Beauregard
the nutsedge was mostly yellow and this was assessed by hand weeding the entire study area miid
season. At Glennvrlle there was too httle nutsedge to, evaluate

RESULTS AND DISCUSSION

Chloropicrin plus metham sodium (CMS) mgmﬁcantly increased seedling numbers and growth o
coripared to conttols. .Avetaged for all nurseries, mean "RCD inicreased from 3.6 t0 4.4 mm, ©
“biomass increased from 0.14 to 0.20 Ib/ft? and there were seven more plantable seedlings and 6.5
more grade-1 seedlings/f® in CMS than in not fumigated plots. Differences between treatments
were remarkably similar within the three nursery compatisons. presented in Table 1. Total
seedlings (Stems);-an indication of survival, were similar between treatments and differed only at
the nursery with the highest seedbed densities. In all cases, non-fumigated plots contained a
smaller average seedling and fewer large seedlings. Although fumigation treatments seldom
differed significantly for sizes ot numbers of seedlings, treatments with both chloropxcnn and
metham sodium (CMS) always. contained the largest and the most seedlings.

The only significant differences for nutsedge were those between furmgated and control (not
fumigated) treatments. Nevertheless, treatment means and trends at both nurseries (Table 1)
make it seem reasonable to conclude that both EPTC and metham sodium increase nutsedge -

control compared to chloropicrin alone.

Seedbed density influences individual seedling and unit area biomass (Mexal 1980).. At'more
than 20 seedlings /£, each additional seedling increases plot biomass less as some maximum
lirnit of about 0.39 lblfﬁ (Mexal 1980) is approached. In this study, biomass per square foot
increased as seedbed densrty increased from 19 at Glennville to 24 at Beauregard but not as it

mcreased agam to 28 at Flint Rrver

Larger drﬂerences in mean seedhng mass should occur at lower bed. densrtles At FlintRiver and
Glennville, respectively, 29 and 20 seedlings /f? in the CMS plots indicate management target
densities. At Flint River, there was 22% more total biomass and mean seedling weight was 14%
greater. At Glennville, fumigation increased total seedling biomass by 53% and mean seedling
weight by 30%. CMS produced four more plantable seedlings (from 18 to 22) and 3.6 more
grade-l s (from’ 0.6 t0 4. 2) at 29 seedlings per f* and five more plantables atid 11.5 more grade-

I'sat20 seedlmgs /ft‘2

MANAGEMENT IMPLICATIONS
Seedbed surfaces occupy about 66% or 29,000 £t* of fumtgated acres. Ata sale price of $3 S/M

seedlings, this makes each plantable seedling per square foot of bed worth potentially $1,010/ac.
Based on the three nursery average (Table 1) in this study, ftumgatron increased potent1a1 sales
$8 100/4¢




Seedlings grown at.20 /A have been sold at 66% more than similar stock grown at 25 /2. The
putchaset of stich seedlmgs should be &s ittterested in fumigation history as iri bed density. _
Lowering bed density from 26 to 20 sedling /f? increased the number of grade-1's per thousand
by 129 and by 505 in not fumigated and in fumigated beds, respectively. Buying the low density
seedhngs from fumrgated beds wasa much better value

The treatment averages in Table 1 mdrcate that in the short term, w:tth no loss of nursery acreage,
not fumigating might cost southern nurseries a 33% loss in plantable seedlings per ft* (ffom an -
average 21 to 14) or about 330 million seedlings that could sell for about $11 million. However,

“even if total seedlmg production remains adequate there might still be reduced plantation growth
associated with a reduction in. seedling size. Using the estimates of South and Mexal (1984)
funnga’uon 1ncreased PV's (based.on expected growth i increases assocrated wrth the additional
grade-1 seedlings).by $25,900 per nursery acre.”
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Table 1. Effects of pre-sow soil treatments on seedling production and nutsedge control within
nursery and averaged by nursery and by treatment for the Flint River Nursery, the Beauregard
~ Nursery and the Glennville Regeneration Center. _ '

Within Nursery by Treatment

- Treatments® - Seedlings Paraméters’ , Nutsedge®
MBxr CHL M8 EPTC red Mass Stems Plants Ones
Flint River Nursery ' B E .
0 0 0 3.5¢ 72 b 26 ©b 18 b 0.6 b~ 8.5 a
0 300 0. 3.6 bc 83 a 29 a 22 = 1.8 ab 4.0. b
0 300 0 6 3.8ab 87 a . 29a 23a 3.1a 1.5 b
0 300 3136 0 '3.94 88 a ‘28 ab 22 & 4.2 a 0.5 b
0 300 336 6 4.0 a 90 a 29 a 24 a 3.8 a ‘1.5 b
) lsd 0.2 9 - L2 ‘2.5 2.2 4:0
Beauregard Nursery ‘
0 0o 0 0 3.3 b 70 b 23 a 14 b 0.7 b 485.a
0 250 O 0 3.8 ab 86 ab 24 a 20 ab 174 &b - 35 b
0 250 0 6 3.6 ab 89 a 24 a 18 ab 0.9 ab 2 b
07250 253 . 0 4.1 a 109 a 26 'a 23 a' 4.9 a 10 b
- led 0.7 18 3.6 7.8 3.6 326
Glennville Regeneration Center
0 0 0 0 3.8 ¢ 49 b 17 a 14 b 2.5 Db
0 250 0. O 4,8.ab 71 a 19 a 18 a 10.6 a
‘0 250 0 6 4,7 b 70 a 20 a 19 a 9.5 a
0 250 253 0 5.2 a 75 a 20a 19 & 14.0 a
340 7 0 0 5.1 ab 79 a 19 a 19 a 12.2 a
lsd 0.4 13 3.6 3.1 4.7
By Soil :Treatment n=9. ’ B ;
None ’ 3.6 < 65 ¢ 22 b 14 b 1.5 ¢
Chloropicrin 4.1 b 80 b 24 ab 19 a 4.5 b
" &+ EPTC 4.1 b 84 ab 24 ab 20 a 4.5 b
" 4 Metham Sodium 4.4 a 93 a 25 a 21 a 8.0 a
Isd 0.3 11 2 3 2.7
By Nursery n=12 . :
Flint River 3.7 b 86 a 28 a 21 a 3.2 b
Beauregard 3.7 b 90 a 24 b 18 b 1.% b
Glennville © 4.6 a 67 b ...18 ¢ 17 b 9.2 a
_ lsd 0.3 9 1.8 2.6 2.7
1) ALL rates in 1lbs al per acre, MBr = methyl bromide, CHL = Chloropicrin 100,

M8 = Metham Sodium 4.2 lbs ai/ gal; EPTC = Eptam 7EC.

Treatments containing

Metham Sodium are drum-rolled and others are plastic tarped.

2) Seedling parameters except rcd are per square foot of bed. Mass ls grams
oven-dry weight, Stems is total seedlings, Plants 1s Grade 1 plus Grade 2
seedlings and Ones i1s nuiber of grade one seedlings. )
3) Nutsedge at Flint River 1s rhizomes /
bilomass in lbs/ac. :

£t? and at Beauregard is air dry
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SEEDLING PRODUCTION AND WEED CONTROL BY A POTENTIAL
REPLACEMENT FOR METHYL BROMIDE AT THE FLINT RIVER NURSERY

by
Bill Carey

INTRODUCTION .

When the superior efficacy of soil fumigation using Methyl bromide (MBr) became apparent, the
registration and in some cases reregistration of several marginally less affective alternative
fumigants became less attractive. Now, however, with the expected phaseout of MBr the revival
of some of these products is likely. Sometimes, where the registration was never completed or
subsequently allowed to expire, it is economically justified to reevaluate these chemicals. The
present study is an example of this type of research, and the chemical evaluated is designated as
MBR-300 which stands for Methyl Bromide Replacement compound number 300.

All the alternative fumigants evaluated by the Coop to date have less activity against at least some
of the pests (weeds, nematodes and pathogens) controlled by MBr and probably vary more in
suitability between nursery locations depending on what problems are endemic there. This report
summarizes seedling production and weed control by MBR~300 and compares that to MBr plus
chloropicrin at the Flint River Nursery near Montezuma, GA for the 1999 growing season.

METHODOLOGY _

Four treatments, two fumigants with one applied using two methods and a not fumigated control
were evaluated at the Flint River Nursery in 1999. The study area, a six-bed-wide riser-line
section 740 feet long, was divided into three equal bloeks (at right angles to the long axis). The
treatments were randomly assigned to positions within each block creating a randomized complete
block design. Fumigant plots were 115 ft long and control plots were 15 f long. The standard
fumigation treatment of 200 Ibs/ac MBr plus 100 Ibs/ac chloropicrin (MC33) was applied
through standard straight shanks and plastic tarped. MBR-300 treatment was applied at 336
Ibs/ac through special “winged” shanks, that maximized distribution through the soil, followed by
a drum roller that compacted the soil surface after injection to decrease the escape of the
?nggiggant. Half of each MBR-300 plot was plastic tarped. Fumigants were applied on March 31,




Four beds of loblolly (Pinus taeda) and two bed of slash (P. elliottii) pine seed were sown in the
study area on April 22, 1999. Seedling development and weed abundance was assessed May 19
and again Oct. 21, 1999, Seedbed densities were assessed within two 1-foot-wide counting
frames across beds (4 ft%) per fumigation treatment by pine species plot. Seedling-parameters
were converted to units per sc%uare foot of nursery bed before analysis. Seedling masses were

determined after oven drying for five days at 50°C. , :

RESULTS B
The affects of pre-sow soil treatments on seedling production is presented in Table 1. The MBr

treatment and the tarped application of the MBR-300 but not the non-tarped MBR-300 produced
significantly better seedling growth than the control. There were more (& = 0.05) plantable
seedlings and more seedling biomass among the two tarped treatments. The significant
improvements in many variables among tarped compared to non-tarped applications of MBR-300,
demonstrate the importance of tarping in the efficacy of this compound. The similarity of efficacy
between the tarped MBR-300 treatment and the MC33 treatment is very encouraging and
suggests further research is justified for MBr-300 using these application techniques. As has been
common in Nursery Coop research over the last seven years, there was no indication that seedling
mortality varied between fumigation treatments and total numbers of seedlings (survival) did not
differ between spring and the fall samples at the nursery. :

Table 1. Seedling development by species and treatment at the Flint River Nursery in 1999.

1 a. Loblolly Pine Seedlings .
Treatment Seedlings/ft*' Number/ic by Grade* : Blomass®

Fumigant? Tarp Apr  Oct " Ones Plants Cull Shoot Root
MBr Yes 23 24 1.9 17.5a 63a 67a 10a
MBR-300 Yes 23 23 1.2 180a 48a 67a 10a
MBR-300 No ' 24 24 0.6 11.1 b 126 b 49 b 8 b
None No 22 23 0.0 95 b 139 b 4 b 9 b
Isd 3.5 3.5 1.9 4.3 4.3 15 1.2

1 b. Slash Pine Seedlings

Treatment Seeding/1t*" Number/ft* by Grade * io §
Fumigant! ___Tarp Apr Ot Ones Plants _ Cull Shoot- oot
MBr Yes 16 20 42 14.1 59a 69a 9.7
MBR-300 Yes 15 19 4.1 15.4 36 b 63ab 8.7
MBR-300 No 17 19 24 139 53 ab 55 b 8.6
None - No 17 20 22 148 5.3 ab 54 b 89

. 24 29 1.9 15 1.7

Bd 27 24

¥ Number of seedling counted by date. '
IGrades one and cul]g, respectively, are RCD’s > 4.8 and < 3.2 mm, Plants are all seedlings > 3.2 mm that
is, grade ones plus grade twos. .
Biomass is in grams of oven dry seedling.
MBr is 300 Ibs/ac MC33, MBR-300 is 336 Ibs/ac of an undocumented compound.



Weeds were not abundant in the study area at the May or October samples. In May, numbers of
nutsedge plus spurge differed significantly between blocks but not treatments and ranged from
only 0.06 to 0.2 weeds/fi>. Weed abundance was similarly low in October and since this was
largely a product of post emergent herbicide applications this was not recorded.

MANAGEMENT IMPLICATIONS :

The compounded tested as MBR-300 was a good candidate for further evaluation to replace
Methyl Bromide in southern forest tree nurseries. The efficacy of MBR-300 was not different
from the “standard practice control” of tarped MBr at the normal rate, when applied using state-
of-the-art equipment that maximized its distribution through the soil followed by tarping.
Although in the past this compound was generaily found to be inferior to MBr, the application
techniques used in the present study appear to have increased product efficiency.
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Fumigation with Chloropicrin, Metham

Sodium, and EPTC as Replacements for
Methyl Bromide in Southern Pine Nurseries

William A. Carey, School of Forestry, 108

Alabama 36849-5418.

M. White Smith Hall, Auburn University,

ABSTRACT: The effects of soil fumigation with chloropicrin alone or in combination with metham sodium
and or with EPTC on the growth of loblolly pine (Pinus taeda L.) seedlings and on nutsedge (Cyperus spp.)
control were investigated at three forest tree nurseries. Fumigation with chloropicrin plus metham sodium
(CMS) significantly increased seedling numbers and growth compared to controls. Averaged among nurseries,

_ mean root-collar-diameter increased from 0.14 to 0.17 in., and biomass from 0.14 t0 0.20 Ib/f2. This produced
seven more plantable seedlings and 6.5 more grade 1 seedlings/ft? in CMS compared to not fumigated plots.
Fumigation increased average potential sales $7,100/ac and increased present values, projectedforthe growth
increases for additional grade 1 seedlings, by $25,900/ac. Fumigation increased biomass per unit area
similarly at tested bed densities (10 to 29/ft%), but at low bed densities (< 20/f¥2) the present values associated
with grade 1 seedlings increased more than at higher densities. South. J. Appl. For. 24(3):135-1 39,

Methyl bromide (MBr) has been an almost universally
used fumigant in southern forest tree nurseries since the
late 1960s. It controls problem weeds, insects, and disease
organisms. Forest nurseries have historically had large
projected economic benefit per pound of MBrused (Anony-
mous 1993). Therefore, in 1992 when MBr was scheduled

to be withdrawn from commercial use in the United States

(Jang et al. 1993) by 2001, the Auburn University South-
ern Forest Nursery Management Cooperative (AUSFNMC)
began evaluating possible replacements, concentrating on
currently registered alternative fumigants. This research
continues, and the efficacies of many fumigant combina-
tions, rates, and application techniques have been tested
across the South (Carey 1994, 1996).

More chloropicrin has been applied in forest nurseries
than any fumigant except MBr (South et al. 1997). In early
AUSFNMC trials, combinations of chloropicrin with either
1-3 dichloropropene or with metham sodium performed

better than other alternatives (Carey 1994). However, be- -

cause of potential regulatory problems with dichloropropene,
we recently concentrated on testing rates and application
techniques of chloropicrin and metham sodium.
Fumigation is primarily used to increase seed effi-
ciency and seedling quality. However, at some nurseries,
fumigation remains an economically justifiable tool for

Note: William Carey can be reached at (334) 844-4998; E-mail:
Carey @forestry.auburn.edu. Supported by the Auburn University Southern
Forest Nursery Management Cooperative. Fumigants applied by Hendrix &
Dail, Inc. Paper No. 9-996036 of the Journal Series of the Alabama Agricul-
tural Experiment Station, Auburn University, AL 36849- 5418. Manuscript
received July 15, 1999, accepted January 7, 2000.

Reprinted from the Southern Journal of Applied Forestry, Vol. 24, No. 3, August 2000. Not for further reproductioh.

reducing certain perennial weeds that are resistant to
postemergence herbicides (South and Gjerstad 1980). The
most important of these are purple (Cyperus rotundus L.)
and yellow nutsedges (C. esculentus L.). Because these
weeds have been difficult to control with treatments with-
out MBr (Carey 1994), the preemergent herbicide EPTC
was tested, based on results with similar herbicides on
agronomic crops.

Materials and Methods

Sites :

The study was installed at three nurseries: the Georgia
Forestry Commission’s Flint River Nursery in 1997, and the
Louisiana Department of Agriculture and Forestry’s
Beauregard Nursery and Rayonier’s Glennville (Georgia)
Regeneration Center in 1998.

Treatments :

All fumigants were applied by Hendrix and Dale, Inc.,
to well-prepared soil using commercial application equip-
ment. The four treatments all contained chloropicrin (see
Table 1), and these were; (1) chloropicrin alone, (2) with
metham sodium, (3) with EPTC, and (4) with both metham
sodium and EPTC. Chloropicrin plus metham sodium
treatments will be referred to as CMS treatments. A
nonfumigated control treatment was included at each nurs-
ery, and methyl bromide was included as a treatment at
Glennville. Within a nursery, each fumigant was used at
the same rate in all treatments. AtFlint River, chloropicrin
was applied at 300 Ib/ac, metham sodium at 280 Ib ai/ac
(Sectagon-42 at 80 gal/ac), and EPTC at 6 Ib ai/ac. At

135




Table 1. Effects of presow soil treatments on seedling production and nutsedge control by nursery for the Flint River
Nursery in 1997 and the Beauregard Nursery and the Glennville Regeneration Center in 1998. ‘

Treatments*

o«

Seedlings parameters’

MBr CHL MS EPTC red (in) -~ Mass(gm) Stems Plants Ones Nutsedge™
Flint River Nursery—Loblolly
0 0 0 0 0.14c¢ 72 26b 18b 0.6b 85a
0 300 0 0 0.14 be 83a 29a 22a 1.8 ab 40b
0 300 0 6. 0.15 ab 87a -29a 23a 3la 1.5b
0- 300 280 0 0.15a 88 a 28 ab 22a 42a 05b
0 300 280 6 0.16 a 90 a "29a 24a 38a 15b
Isd 0.02 9 2 25 22 4.0
Beauregard Nursery—Loblolly
0 0 0 0 0.13b 70 b 23a 14b 0.7b 485a
0 250 0 0 0.14 ab 86 ab 24a 20ab 1.4ab 35b
0 250 0 6 0.14 ab 89a 242 18 ab 0.9 ab 2b
0 250 210 0 0.16 a 109 a 26a 23a 49a 10b
Isd 0.03 18 3.6 7.8 3.6 326
Glennville Regeneration Center—Loblolly '
0 0 0 0.14¢ 490 17a 14b 25b
0 250 0 0 0.19 ab 71 a 19a 18a 10.6a
0 250 0 6 0.18b 70a 20a - 19a 9.5a
0 250 210 0 0.20 a 75a 20a 19a 140a
340 7 0 0 0.20 ab 79a 19a 19a 122a
Isd 0.02 13 3.6 3.1 4.7
Glennville Regeneration Center—Slash
0 0 0 0 0.19¢ 44 b 10a 10a 59b
0 250 0 0 0.22 ac 76 ab 14a 14a 10.2ab
0 250 0 6 0.20 be 66 ab 14a 13a 9.7 ab
0 250 210 0 0.24 a 78 a. 15a 14a 12.7a
340 7 0 - 0 0.22 ab 67 ab 12a 12a 10.2 ab
1sd 0.03 30 54 54 5.1

* All numbers are Ib ai/ac, MBr = methy! bromide, CHL = Chloro

picrin 100, MS = metham sodium 4.2 Ib ai/_gal, EPTC = Eptam 7EC.

Treatments containing metham modium are drum-rolled, others are plastic tarped.
t All seedling parameters except rcd (root collar diameter) are /ft2 of bed. Mass is grams ovendry weight, Stems is total number of
seedlings, Plants is the sum of Grade 1 (2 0.19 in. rcd) and Grade 2 {(between 0.12 and 0.18 in. rcd) seedlings, and Ones is number

of grade 1 seedlings.
tt Nutsédge at Flint River is rhizomes fft2 and at Beauregard is
Glennville.

Beauregard and Glennville, chloropicrin was applied at
250 Ib/ac, metham sodium at 210 1b ai/ac, and EPTC at 6
Ib ai/ac. Chloropicrin was shank injected to a depth of 6
in., and if not used in combination with metham sodium,
the treatment was plastic-tarped. Metham sodium and
EPTC were sprayed on the soil and rotovated to depths of
6 in. Treatments with metham sodium were compacted
mechanically (“drum sealed”).

Ateach nursery, the study area was a complete riser-line-
section; that is, seedling beds between two irrigation lines
(600 to 700 ft in Iength). At Flint River there were six beds
between irrigation lines, and fumigation plots were repli-
cated as completely randomized blocks with each plot across
all beds. At Beauregard and Glennville, there were nine beds
between irrigation lines, and the study areas were divided
into three three-bed-wide blocks and replicated as a random-
ized complete block. There were three replicates per treat-
ment at each nursery, and all replicate plots were approxi-
mately equal in size except at Flint River, where control plots
were smaller than fumigated plots. At FlintRiver, fumigation
was complete by April 11, and seed sown May 5, 1997. At
Glennville and Beauregard, respectively, fumigations were
completed April 7 and April 9, and seed sown May 5 and
April 17, 1998.

No attempt was made to influence or to coordinate
postfumigation nursery practices. Seed sources, seedbed
densities, fertilization, irrigation, and postemergent herbi-
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air dry biomass in Ib/ac. Nutsedge was too scarce to svaluate at

cide regimes were those of the host nursery and were carried
out without regard to fumigation treatments with the excep-
tion that at Glennville two beds of slash and one bed of
loblolly were sown in each three-bed-wide fumigation block.

Seedbed densities and seedling sizes were determined in
the fall after scheduled harvesting began at each nursery.
Seedbed densities (seedlings /ft2) were determined for 4 ft2
plots near the center of each fumigation plot. A minimum of
25 seedlings were lifted from each plot to determine seedling
grade distribution [that is, numbers of culls, grade 2’s and
grade 1’s for root collar diameters (rcd’s), respectively, <
0.121n.,0.12 t0 0.18 in., and 2 0.19 in.]. Seedling numbers
(by grade) and biomass (ovendry weights) were transformed
to values per fi2 for each counted plot to provide inference for
separating treatment effects from that of seedbed density.
Except for rcd, all variables were analyzed based on values
per unit area of nursery bed.

At Flint River in 1997, purple nutsedge occurred in the
study area, and this was assessed in November by collecting
all rhizomes (“nuts”) within each seedbed density plot at
harvest on November 5th. At Beauregard, most of the nut-
sedge within the study area was yellow nutsedge, and this was
assessed by hand weeding the entire study area midseason
(July 22), air drying the harvested weeds, and weighing all
weeds by plot (August 4). At Glennville in 1998, too few
nutsedges developed even in control plots to make compari-
sons worthwhile.
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Figure 1. Seedling biomass by bed density for loblolly seédlings
at three nurseries in beds either not fumigated or fumigated with
chloropicrin plus metham sodium (CMS) and regression lines, by
treatment.

Analysis

Treatment means within and between nurseries were com-
pared using SAS ANOVA. The relationship of seedbed
densities with unit area biomass presented in Figure 1 was
assessed using SAS REG for sampled plot values. Compari-
sons between nurseries are for loblolly only and for the
treatments common to all nurseries. Comparisons among
means are from SAS Duncan’s (& = 0.05).

Results and Discussion

Differences between treatments were remarkably similar
within the four nursery comparisons presented in Table 1.
Total seedlings (stems), an indication of survival, were simi-
lar among treatments within a nursery and differed only at the
Flint River nursery, which had higher seed bed densities than
the other nurseries. In all cases, nonfumigated plots con-
tained smaller average seedlings and fewer grade 1 seedlings.
Although fumigation treatments seldom resulted in statisti-
cally different sizes or numbers of seedlings, treatments with
both chloropicrin and metham sodium (CMS) always tended
to have the largest and the most seedlings.

Statistical inferences for nutsedge control are difficult at
best due to the nonrandom distribution that results from
vegetative reproduction. At Flint River the nutsedge (rhi-
zomes /ft2) was so abundant (in controls) as to be almost
normally distributed. At Beauregard, all nutsedge in the
entire study area was collected and weighed. Because of
different measures for nutsedge, its abundance was not com-
parable between nurseries. The only significant differences
for nutsedge were those between fumigated and control (not
fumigated) treatments. Nevertheless, treatment means and

- trends at both nurseries (Table 1) suggest that both EPTC and

metham sodium increase nutsedge control compared to chlo-
rqpiérin alone. ‘

" Fumigation with CMS significantly increased seedling
numbers and growth from that in not fumigated plots (Table
2). Averaged across nurseries, mean rcd increased from 0.14
t0 0.17 in., and biomass from 0.14 to 0.20 Ib/ft2. There were
7 more plantable seedlings and 6.5 more grade 1 seedlings/ft?
among CMS treatments than in not fumigated plots.

Biomass increased relatively uniformly among CMS plots
across the tested seedbed densities (Figure 1). Such increases
are reported for other studies with loblolly pine (Mexal 1980,
South et al. 1990). Mexal reported that at up to 20 seedlings/
ft2, loblolly was relatively free from intraspecific competi-
tion, and unit area biomass increased approximately linearly
with seedbed densities. At more than 20 seedlings /ft?,
incremental increases in biomass, both per seedling and per
area, decrease as biomass approaches a theoretical maximum
limit, which Mexal estimated at 0.39 1b/ft2. A similar rela-
tionship between number of seedlings and biomass is indi-
cated in the current study, where unit area biomass increased
as numbers increased from 19 (Glennville) to 24 (Beauregard)
but not as they increased from 24 to 28 (Flint River).

Seedlings may be valued differently by sellers and pur-
chasers. All plantable seedlings may produce similar revenue
at the nursery, but larger seedlings should be valued by their
purchasers for increased survival and growth after
outplanting. South and Mexal (1984) concluded from
published data, and South et al.(1985) from 13-yr-old
plantations, that the increased growth and performance of

Table 2. Effects of soil fumigation using ébmbinations of chloropicrin, metham sodium, and EPTC on loblolly seedling
traits and production at three nurseries: Flint River Nursery {1997}and Beauregard Nursery and Glennville Regenera-

tion Center (1998).

‘Seedling parameters'
ed (in.) Mass (gm) Stems Plants Ones

By soil treatment* n=9 - )

None 0.14¢ 65¢c 22b 14b 1.5¢

CHL 0.16b 80 b 24 ab 19a 45b

CHL + EPTC 0.16b 84 ab 24 ab 20a 49b

CHL + metham sodium 0.17a 93a 25a 2la 80a

Isd 0.01 11 2 3 2.7
By nursery n=12 :

Flint River 0.14b 86a 28a 214a 3.2b

Beauregard 0.14b 90a 240 18.2b 19b

Glennville 0.18a 67b 19¢ 17.5b 92a

Isd 0.01 9 1.8 2.6 2.7

* Chloropicrin at 300 Ib/ac in 1997 and at 250 Ib/ac in 1998, metham sodium 4.2 Ib ai/gal at 346 Ib/ac in 1997 and at 253 Ib/ac in 1998,

EPTC at 6 1b ai/ac both years.

t All seedling parameters except rcd are /ft

Grade 1's (>0.19 in. rcd) plus Grade 2's (0.12 to 0.18 in.) and Ones = number grade 1's.

2 of seedbed. Mass is grams ovendry weight, Stems total seedlings, Plants is the sum of
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grade 1 seedlings could increase the present value (PV) of
grade 1’s more than $100/M compared to grade 2’s.

Seedbed surfaces occupy about 66% or 29,000 ft2 of each
nursery acre treated with fumigation. At a sale price of $35/
M seedlings, this makes each plantable seedling per ft2 of bed
worth potentially $1,010/ac. Based on the three-nursery
average (Table 2) in this study, CMS fumigation increased
potential sales $7,100/ac (Table 3) and increased PV's (based
on expected growth increases associated with the additional
grade 1 seedlings) by $25,900 per nursery acre.

If unit area increases in biomass are constant, then larger
differences in mean seedling mass are to be expected at lower
bed densities. At Flint River and Glennville, respectively, 29
. and 20 seedlings/ft? in the CMS plots indicate management
targetdensities. At Flint River, CMS increased total seedling
biomass by 22% and mean seedling mass by 14%. At
Glennville, fumigation increased total seedling biomass by
53% and mean seedling mass by 30%. CMS produced 4 more
plantable seedlings (from 18 to 22) and 3.6 more grade 1’s
(from 0.6t0 4.2) at 29 seedlings /ft?and 5 more plantables and
11.5 more grade 1’s at 20 seedlings /ft2.

If grade 1 seedlings are valued at $100/M more than
grade 2s (South and Mexal 1984, South et al.1985) the
relative benefits for PV of moving from grade 2 to grade
1 are roughly three times greater than the increased sale
value of moving a seedling from grade 3 (cull) to grade 2.
Table 3 compares the effects of CMS fumigation ‘on
potential sale values and possible PV's of crops at the three
different target densities. Although theincrease in plantable
seedlings and therefore sale value was similar at the three
bed densities, larger per-seedling increases at the lower
bed density caused proportionately greater increases in
PVs. Comparing CMS fumigation with control plots at the
highest and lowest bed densities tested, respectively, fu-
migation increased sale values by $4,000 and by $ 5,500/
ac and increased PVs associated with seedling quality by
$13,500 and by $37,800/ac.

Recognition of the relative superiority of larger seedlings
is increasing in the South. Although few seedlings are sold by
grade, “low-seedbed-density” seedlings can be purchased
from some suppliers. One company offers seedlings grown at
20/ft? at 66% more than similar stock grown at 25/ft2. The

present study indicates that to obtain larger seedlings, a
purchaser should be as interested in fumigation history as in
bed density. Lowering bed density from 26 to 20 seedling¥/
ft? (Table 3) increased the number of grade 1’s per thousand
by 129 and by 505 in not fumigated and in fumigated beds,
respectively. At a $0.10 premium per grade 1 (South and
Mexal 1984), the additional grade 1’s at 20 seedlings/ft2 were
worth $12.90 in not fumigated and $50.50 in fumigated beds.
Buying the low density seedlings from fumigated beds was a
much better value.

The effects of fumigation on seedling mortality are -
more frequently reported and more easily appreciated than
those on seedling size. This is due, in part, to the impor-
tance of survival (seed efficiency) to the nursery manager.
In 1997, the South produced and planted more than a
billion seedlings. The averages in Table 2 indicate that in
the short term, with no loss of nursery acreage, not fumi-
gating might cost the nurseries a 33% loss in plantable
seedlings per ft2 (from an average 21 to 14), or about
330,000,000 seedlings that could sell for about $11 mil-
lion. However, the impacts on plantations should also be
considered. If grade 1 seedlings are projected to produce
25% more volume than grade 2’s (South and Mexal 1984)
reducing grade 1 (Table 2) from 38% in fumigated (8 grade
1’s per 21 plantables) to 11% (1.5 grade 1’s per 14
plantables) in not fumigated beds could result in 6% less
volume production in the resulting plantations evenif total
seedling production remains adequate.
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Table 3. Effects of soil fumigation on loblolly seedling growth and the potential economic returns as nursery sales

and for plantation growth at three seedbed densities.

, Per acre § return

Density* Fumigation' Grade 2™ Grade | Sale! Value!
29 No 174 0.6 18,200 20,000
29 Yes ) 17.8 4.2 , 21,300 33,500
26 No 133 0.7 14,200 16,200
26 Yes 18.1 4.9 22,300 36,500
20 No 11.5 25 14,200 21,500
20 Yes 54 14.0 18,700 59,300

* Seedling per square foot whers survival was best.

t Fumigation = 300 Ib/ac chloropicrin + 346 Ib/ac Metham Sodium where density = 29 and chloropicrin at 250 Ib/a¢ + Metham Sodium
at 253 Ib/ac at densities 26 and 20. For fumigation, a $1,000 treatment cost is deducted from sale and value expectations. ]

t1 Grade 1(20.19 in. rcd), Grade 2 (between 0.12 and 0.18 in. red).
§ Sale is expected sale price at $1,010 per plantable seedling/ft2.

i Value includes a $0.10 addition per grade 1 seedling based on expected increased growth and survival in plantation.
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Research

Managing Soilborne Pathogens of White Pine in a Forest Nursery

S. A. ENEBAK, Department of Plant Pathology, University of Minnesota; M. A. PALMER, USDA Forest Service,
North Central Forest Experiment Station; and R. A. BLANCHETTE, Department of Plant Pathology, University

of Minnesota, St. Paul 55108

ABSTRACT

Enebak, S. A., Palmer, M. A., and Blanchette, R. A. 1990. Managing soilborne pathogens
of white pine in a forest nursery. Plant Dis. 74:195-198.

In a forest tree nursery, 1009% methyl bromide (MB), 100% chloropicrin (CP), combinations
of MB and CP, and dazomet significantly reduced populations of soil fungi. Captan, thiram,
a combination of captan and thiram, and covering seed with silica sand had no effect on
fungal populations in soil. Nine months after fumigation, populations of soil fungi remained
lower only in plots treated with MB and/or CP. Preemergence mortality of eastern white
pine (Pinus strobus) was greatest when seed was covered with silica sand (49%) and least when
soil was treated with 100% MB (21%). Postemergence damping-off was greatest when soil
was treated with captan (19%) and least when soil was treated with 67% MB and 33% CP
(1%). Plots treated with MB and/or CP had the highest seedling stand densities, averaging
232 seedlings per 0.5 m?, compared to 125 seedlings per 0.5 m® in plots treated with dazomet
and an average of 53 seedlings per 0.5 m? in plots treated with captan, thiram, captan and
thiram, or silica sand and in the control plots. Seedling taproots were significantly longer
in soils treated with MB and/or CP than in all other treatments. The colonization of root
tips by mycorrhizal fungi did not differ significantly among treatments on seedlings examined

in June or July 1987.

Damping-off and root diseases that
occur in the first year of growth are the
primary causes of seedling mortality in
forest nurseries in the north central
United States. Soils in these nurseries are
commonly fumigated with a formulation
of 67% methyl bromide (MB) and 33%
chloropicrin (CP) to control insects,
pathogenic fungi, and weeds (13,16,18).
This combination of MB and CP can
dramatically increase the yield of nursery
seedlings and also improves seedling
growth and quality (20,24),

However, use of these fumigants has
several drawbacks. In addition to reduc-
ing populations of harmful pests, treat-
ment with MB-CP eliminates beneficial
mycorrhizal fungi. Mycorrhizal deficien-
cies may result in stunted, nutrient-
deficient seedlings and seedling mortality
(3,11,23). Surviving stunted seedlings
may not meet grading specifications,
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resulting in additional yield losses (4).
In addition, fumigation is expensive—
application costs exceed $2,400/ha.
Although many nursery managers
believe that the value of bare-root
seedlings justifies these costs, Sutherland
(21) suggested a combination of alter-
native management strategies for bare-
root nurseries. Such strategies, including
both herbicidal weed control and cultural
practices that suppress pests, may be
more economical than fumigation with

" MB-CP. We evaluated the relative

effectiveness of four MB-CP combina-
tions and several alternative practices for
managing diseases caused by soilborne
fungi in a forest tree nursery.

MATERIALS AND METHODS

Study area and treatments. The exper-
iment was conducted at the F."G. Wilson
State Nursery .in Grant County, WI.
Damping-off caused by various species
of Fusarium, Rhizoctonia, and Pythium
is common in this nursery, and a severe
root disease of eastern white pine (Pinus
strobus L.) associated with F. oxyspo-
rum (S. A. Enebak, R. Camp, and R,
G. Collett, unpublished) has also
occurred for several years. Thus, we
selected treatments that might be effec-
tive against these soilborne fungi, and
white pine was the tree species used in
the study.

A randomized block design was used,
with six replications of each treatment.
One cultural and eight chemical treat-

ments were applied to plots measuring
2.7 X 5.4 m. The chemical treatments
were as follows: 100% MB (MB-100),
67% MB and 33% CP (MB-67), and 33%
MB and 67% CP (MB-33), applied at
a rate of 392 kg/ha, and 100% CP (CP-
100), applied at a rate of 196 kg/ha, each
fumigant applied on 4 September 1986
and injected 30 cm into the soil, which
was covered immediately with polyprop-
ylene and remained covered for 5 days;
dazomet, applied on 4 September 1986
as a topdressing at a rate of 280 kg
a.i./ha, tilled 30 cm into the soil, packed
with a roller, and sealed with 2.5 cm of
water from overhead irrigation; captan,
applied as a soil drench at a rate of
6 kg a.i./ha on 26 March 1987; thiram,
applied as a seed coat at 38 g a.i. and
50 ml of spreader-sticker per kilogram
of seed; and captan applied in combi-
nation with thiram-treated seed (captan-
thiram). Untreated plots served as
controls. .

For the cultural treatment, two
seedbeds (1.2 X 165 m) were established
on 19 October 1986, and the hand-sown
white pine seed was covered with No.
40 (120 grit) washed silica sand. The plots
were then packed with a roller. All other
seed plots were then sown mechanically
at a rate of 14 g/m® After sowing,
seedbeds were covered with screens and
left until spring.

Before germination, four permanent
subplots (0.5 m?) were established in each
plot to evaluate the presence and density
of soilborne fungi, preemergence mor-
tality, postemergence damping-off, and
seedling stand densities. Areas adjacent
to the permanent subplots were desig-
nated for seedling collections. Standard
nursery fertilization and insect and weed
control practices were followed. Over-
head irrigation was applied as needed to
maintain seedling growth.

Quantification of soilborne fungi.
Four soil samples were collected over 9
mo. The first and second samples were
collected on 10 August and 19 October
1986, 4 wk before and 4 wk after
fumigation, respectively. Soil samples
consisted of 20 soil cores (2.5 X 30.5 cm)
collected arbitrarily within each plot. The
third soil sample was collected just before
seedling germination (25 March 1987),
and the fourth sample was collected when
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Tahle 1.- Populations (colony-formmg units per gram of dry soil) of three fungi and of total soilborne fungi at the F. G. Wilson Nursery before sowing seed
(10 August 1986) (BS), at sowing (19 October 1986) (S), before emergence (25 March 1987) (BE), and during emergence (19 April 1987) (DE)

Total soilborne fungi*’

Fusarium spp.™’ Rhizoctonia spp.** Pythium spp.™
Treatment” BS S BE DE BS S . BE DE BS S BE DE BS* ) BE DE
MB-100  1,260aA —aB  40aB 40aB 1l1aA 3aB 6abAB 6aAB 6aAB —aB —aB —aB 27302A 400aB 75 aC 97 aC
| MB-67 990aA 33 aB 7aB 50aB 10aA 3aB 4aB 52AB 7aA —aB —aB —aB 2219a2A 268aB 63 aC 98 aC
MB-33 1,450 aA —aB 15aB 90aB 12aA 5aB 5aB 8aAB 8aA —aB —aB -—aB 2077aA 503 aB 97 aC 150 aB
CP-100 1,550aA —aB —aB 50aB 1l1aA 7abB 3aB 4aB 4aA —aB —aB —aB 2,118aA 342abB 52 aC 129 aB
Dazomet 1,490aA 220bB 760bAB BI0bAB 9aA I1bcA 9bcA 10abA S5aA  3aA —aB  2aB 3,039aA 577bcA 959 beB  2,345bA
Captan 1,230 aA 440cA 940bcA 980 bA 122A 11bcA 11cA 14bA  7aA  3aAB 2aB —aB 1971aA. 548bcA 1,322cA  2,962bA
Thiram 1,650 aA 590dB 910 bAB 730 bAB 10a2A 12cA 12cA 10abA 7aA 4aAB 1aB 2aB 2286aA 637cA 894 bcAB 1,798 bAB
Captan and
thiram 1,760aA 580dB 881 bA 1,070 bAB 11aA 12cA 1lcA 14bA 7aA 2aB 5bA 1aB 2256aA 379cA 785 bcAB 2,788 bA
Silicasand 1,330 aA 520 cdB 1,450cA 790 bAB 122A 11bcA 9bcA 15bA 10aA 3aB 6bAB 3aB 2,091aA 566bcA 1,674cA  2,224bA
Control 1,420 aA 550dB  670bB 1,120 bAB 12aA 11¢cA 10bcA [3bA 2aA 2aA 1labA 1aB 2310aA 405cA 1,014 bcA 2,664 bA

“MB-100 = 100% methyl bromide; MB-67 = 679 methyl bromide and 33% chloropicrin; MB-33 = 33% methy! bromide and 67% chloropicrin; CP-100 = 100%

chloropicrin.

*Treatment means followed by the same letter (lowercase for columns and uppercase for rows) do not differ significantly (P = 0.05) according to the Student-
Newman-Keuls mean separation test.

¥ A dash indicates less than I cfu/g.

*Colony-forming units per gram in hundreds.

Table 2. Preemergence mortality and postemergence damping-off of white pine seedlings caused  selected arbitrarily and removed from the

by species of Fusarium, Pythium, and Rhizoctonia at the F. G. Wilson Nursery in 1987 soil. Root length was measured, the

: percentage of mycorrhizal root tips was

Preemer.gexice P°S‘°“fe’g°"°f determined by methods of Daughtridge

mortality damping-off et al (5), and the numbers of healthy

Treatment™ Number’ Percentage” Number? Percentage® (white root cap) and diseased (brown and

MB-100 75a 2la 13 ab 4a necrotic root cap) root tips were

MB-67 77a 2la Sa la recorded.

MB-33 78a 22a 19 abc 5a Data were analyzed by an analysis of

CP-100 85a 24a 9a 3a variance. All data recorded as percen-

Dazomet 99 ab 27a 17 ab Sa tages were subjected to square-root

Captan 123b 34 ab 70d : 19¢ arcsine transformations before analysis.
Thiram 158 ¢ 43c 37¢ 10 be Statistically signifi t diff

Captan and thiram 156 ¢ 43¢ 25 abe 7 ab y signilicant dillerences

Silica sand 177 ¢ 49c 29 be 8 ab among means were determined with the
Control 112 b 3] ab 64.d 17¢ Student-Newman-Keuls test (6).

¥MB-100 = 100% methyl bromide; MB-67 = 67% methyl bromide and 33% chloropicrin; MB-
33 = 33% methyl bromide and 67% chloropicrin; CP-100 = 1009 chloropicrin.

*Data are averages of 24 subplots for each treatment. Means followed by the same letter do
not differ significantly (P = 0.05) according to the Student-Newman-Keuls mean separation

RESULTS
Quantification of soilborne fungi.
After fumigation, populations of Fusa-

test.
YPer 0.5-m? plot.

*Percentage data were analyzed by analysis of variance after square-root arcsine transformation.

seedlings were germinating (4 April
1987). These samples consisted of 10 soil
cores collected from within the four
permanent subplots. Each composite soil
sample was mixed thoroughly before
subsamples were selected for quantifying
populations of soilborne fungi.

Relative numbers of soilborne fungi
were estimated by soil dilution and use
of selective media for Fuserium spp. (17),
Pythium spp. (15), Rhizoctonia spp.
(8,9), and total soil fungi (12,25).
Identification of Fusarium, Pythium,
and Rhizoctonia spp. was based on the
descriptions of Toussoun and Nelson
(22), Middleton (14), and Parmeter and
Whitney (19), respectively. Relative
fungal populations were determined
from all six replicates of each treatment
and were recorded as colony-forming
units (cfu) per gram of oven-dry soil.

Seedling characteristics and stand
densities. A germination capacity of 90%
was determined for the white pine seed

by in vitro and greenhouse tests. With

a sowing rate of 14 g/m? approximately
360 seedlmgs were expected to emerge
per 0.5-m? permanent subplot. The
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difference between the expected number
of seedlings and the actual number of
seedlings that emerged was considered
preemergence mortality. Seedlings that
died in the cotyledon or primary needle
stage were classified as having postemer-
gence damping-off. Preemergence mor-
tality and postemergence damping-off
were determined on 21 May 1987. Every
4 wk from 5 May to 23 September 1987,
the number of seedlings in each perma-
nent subplot was counted to evaluate
seedling stand densities.

To determine the pathogens associated
with seedling mortality, 10 seedlings with
symptoms of damping-off were collected
from each plot. Their roots were surface-
disinfected for 6 min in a 0.5% sodium
hypochlorite solution and then placed on
malt-yeast agar (MYA). Plates were
incubated at 21 C for 2 days, and hyphae
growing from seedlings were transferred
to another plate of MYA for
identification.

Seedling root growth was evaluated
four times during the growing season (on
14 June, 17 July, 13 August, and 14
September 1987) on 10 seedlings per plot

rium spp., Pythium spp., and total soil
fungi fell by 40-100%, regardless of
treatment (Table 1). Populations of
Fusarium spp., however, were lower
(P = 0.05) in plots treated with MB
and/or CP (0-33 cfu/g) than in all other
treatments (220-590 cfu/g). Populations
of Fusarium spp. and total soil fungi were
suppressed throughout the sampling
period in plots treated with MB
and/or CP but rose significantly in all
other treatments. Populations of
Pythium spp. were suppressed in all
treatments throughout the sampling
period. MB and/or CP reduced popu-
lations of Rhizoctonia spp. from 10-12
cfu/g to 3-7 cfu/g. Dazomet, captan,
thiram, captan-thiram, and the silica
sand covering were ineffective against
Rhizoctonia spp. (Table 1).

Seedling characteristics and stand
densities. MB, CP, and dazomet signif-
icantly reduced preemergence mortality
and postemergence damping-off com-
pared to controls (Table 2). Preemer-
gence mortality ranged from 49% in plots
treated with silica sand to 21% in plots
treated with MB-100 or MB-67. Inci-
dence of postemergence damping-off
ranged from 19% in plots treated with
captan to 1% in plots treatéd with MB-
67. Rhizoctonia, Fusarium, and Pythium
spp. were isolated from 72, 16, and 12%,




respectively, of the 600 damped-off
seédlings cultured.

Seedlings continued ‘to emerge
through June 1987 and as a result,

seedling stand densities increased in the -

MB and/or CP treatments (Fig. 1).
Seedling stand densities in these treat-
ments did not change significantly after
June, whereas stand densities in all other
treatments fell markedly (Fig. 1). At the
end of the first growing season, seedling
stand densmes averaged 232 seedlings
per 0.5 m® in plots treated with MB
and/or CP and 125 seedlings per 0.5 m?
in plots treated with dazomet. Other
treatments resulted in an average of 53
seedlings per 0.5 m?,

Length of seedling taproots increased
from 7-9 c¢m in June to 13 cm in July
(Table 3). Taproots continued to
lengthen in plots treated with MB
and/or CP to almost 15 cm. As seedling
roots became more diseased in plots
treated with captan, thiram, captan-
thiram, silica sand, or dazomet and in
control plots, root length decreased to
an average of 10 cm (Table 3).

Ninety percent or more of all seedlings,
regardless of treatment, had healthy root
tips in June (Table 3). Seedlings from
captan, thiram, captan-thiram, silica
sand, dazomet, and control plots aver-
aged only 53% healthy root tips by July
and 22% healthy root tips in September
(Table 3).

Treatments did not differ significantly
in the percentage of mycorrhizal root tips
on seedlings collected in June or July
(Table 3). Although the percentage of
mycorrhizal root tips of seedlings in plots
treated with MB and/or CP increased
somewhat in August, by September there
were again no significant differences
among treatments in this respect.

DISCUSSION

Fumigation of seedbeds with MB and/
or CP is economically justifiable at this
nursery because of the high potential for
root disease on white pine seedlings. Only
MB and/or CP treatments were effective
in protecting seedlings from soilborne

pathogens throughout the first growing

season. Use of these fumigants resulted
in the greatest numbers of plantable
seedlings and the seedlings with the
healthiest and longest roots. Further-
more, there was no evidence to suggest
that the fumigants and fungicides ad-
versely affected the colonization of seed-
ling roots by mycorrhizae. Although the
fumigants eliminated most of the residual
inoculum, spores disseminated after
fumigation apparently provided ade-
quate mycorrhizal inoculum, Differences
among treatments with respect to the
percentage of mycorrhizal root tips

. observed in” August were -probably the

result of the reduced number of hea.lthy
roots. Roots of seedlings growing in plots
treated with captan, thiram, captan-
thiram, silica sand, or dazomet and in
control plots likely became diseased and

decayed faster than they could be
regenerated. Consequently, the percen-
tages of mycorrhizal root tips of seedlings
in these treatments were lower than in
seedlings growing in soils treated with
MB and/or CP.

Dazomet was initially as effective as
MB and/or CP in suppressing soilborne
pathogens; however, populations of soil
fungi and disease incidence in dazomet
plots began to increase in midsummer,
and by the end of the test period, seedling
stand densities were significantly lower
with dazomet than with the other
fumigants tested (Fig. 1). Higher appli-
cation rates might have given better
disease control; however, Hildebrand
and Dinkel (10) also reported that
dazomet did not provide satisfactory
results.

Captan and thiram treatments and
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Fig. 1. Stand densities of white pine seedlings in plots treated with eight chemical treatments
and one cultural disease management practice at the F. G. Wilson Nursery in Boscobel, WI,
in 1987, Values are the means of six plots per treatment. Treatments were as follows: 100%
methyl bromide (MB-100); 67% methyl bromide and 33% chloropicrin (MB-67); 33% methyl
bromide and 67% chloropicrin (MB-33); 1009% chloropicrin (CP-100); dazomet (DAZ); control
plots (CON); silica sand (SAND); captan soil drench (CAP); thiram seed coat (THI); and

captan and thiram treatments (CAP/THI).

Table 3. Percentage of mycorrhizae (MYC), seedhng taproot length (STL), and percentage of healthy root tips (HRT) on white pine seedlings
at the F. G. Wilson Nursery on four sample dates in 1987 B .

14 June? 17 July®- 13 August® 14 September®
. MYC STL HRT MYC STL HRT MYC STL HRT MYC STL HRT
Treatment’ () (em) (%) (%) (cm) (%) (%) {cm) (%) (%) (cm) (%)
MB-100 2.4 8.3 98 334 123abc 88ab 338ab 13.5abc 85 ab 24.8 14.7 a 68 a
MB-67 1.1 8.4 98 340 124abc 98a 40.1 ab 138a” 97a 290 148a 72a
MB-33 2.3 1.7 98 296 129ab 95ab 429a 13.8a 9 a 338 142abc 76a
CP-100 1.7 7.9 96 30,0 131a 98 a 39.9 ab 136ab 95a 24.8 146ab 55ab
Dazomet 3.5 8.0 98 233 119bc  73bc 3l.1ab 13.7a 63 be 41.6 122bcd  31bc
Captan 3.2 8.2 90 253 113¢ 4l cd 17.7bcd 11.8cd 40c 353 9.0e 8¢
Thiram 5.7 7.2 93 26.1 114bc  S6¢cd 22.8d 11.04d 4lc¢ 37.3 10.8de 18¢
Captan and thiram 6.6 1.1 95 248 1li¢ 384 22.7¢cd 11.24 46 ¢ 31.5 10.1de 16¢
Silica sand 3.4 8.6 95 289 11.8 be 56 ¢d 21.2cd 11.8¢cd 45¢c 38.8 11.7cde 38 be
Control 4.0 8.0 98 284 11.8bc Slcd 20.8 cd 120bcd 45¢ 36.6 10.5de  20¢

YMB-100 = 100% methyl bromide; MB-67 = 67% methy! bromide and 33% chloropicrin; MB-33 = 33% methyl bromide and 67% chloropicrin;

CP-100 = 100% chloropicrin.

*Treatment means followed by the same letter within a column do not differ significantly (P = 0.05) according to the Student-Newman-Keuls
mean separation test. No differences were detected for any variable on 14 June or for percentage of mycorrhizae on 17 July and 14 September.

Plant Disease/March 1980 197




I

covering the seed with silica sand were
not effective in reducing disease. Pre-
emergence mortality was greatest when
seed was treated with thiram. Phytotoxic
effects of thiram may have reduced
germination, as has been previously
reported (2).

Interest is increasing in reducing the
uses of chemical pesticides, particularly
fumigants, in forest tree nurseries. Many
questions remain unanswered concern-
ing the health risks to both humans and
wildlife (1) and the long-term effects on
soil microflora (23). Still, many nursery
managers routinely fumigate seedbeds to
avoid potential disease outbreaks. At the
Wilson nursery, the value of the seedling
crop (about $250,000/ha at rotation)
compared to the cost of fumigation
($2,400/ ha) justifies the use of MB and/
or CP on soils that are “addicted” to
fumigation. However, fumigation may
not be needed in all areas of the nursery
or in every nursery. A recent study we
conducted at a northern Wisconsin
nursery (7) demonstrated that fumiga-
tion with dazomet increased the inci-
dence of stunted, phosphorus-deficient
white spfuce seedlings, whereas covering
seed with sand produced the most
normal-sized, healthy seedlings. Suther-
land (21) reported that nurseries in
British Columbia are seldom fumigated
unless they are newly established in
agricultural soils.

At present, there are no guidelines for
predicting outbreaks of diseases caused
by soil fungi in forest tree nurseries.
Thus, it is difficult for nursery managers
to determine the risk of specific diseases
and adapt their treatment schedule
accordingly. If forest tree nurseries are
to move toward an integrated approach
to disease management, a better under-
standing of pathogen biology and seed

quality is needed as well as the devel-

opment of effective, economical, and
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environmentally sound alternatives to
fumigation. -

ACKNOWLEDGMENTS

We thank Richard Camp, superintendent of the
F. G. Wilson Nursery, for his help with the study;
James Sargent, Great Lakes Chemical Corporation,
for the fumigants used in the study; and Robert
Collett and Debra Neilson for their laboratory
assistance. This research was supported in part by
funds provided by the USDA Forest Service, North
Central Forest Experiment Station (RWU-NC-
4502). :

LITERATURE CITED

1. Alexeeff, G. V., and Kilgore, W. W. 1983.
Methyl bromide. Residue Rev. 88:101-153.

2. Bloomberg, W. J., and Trelawny, J. 1970, Effect
of thiram.on germination of Douglas-fir seed.
Phytopathology 60:1111-1116.

3. Croghan, C. F., and LaMadeline, L. A. 1982,
Theimpact of stunting of white spruce at Eveleth
Nursery. Tree Planters Notes 33:19-22,

4. Croghan, C. F., Palmer, M. A., and Wolosie-
wicz, M. 1987. Stunting of white spruce
(Picea glauca (Moench) Voss) associated with
ectomycorrhizal deficiency. Tree Planters Notes
38:22-23,

5. Daughtridge, A. T., Boese, S. R., Pallardy, S.
G., and Garrett, H. E. 1986, A rapid staining
technique for assessment of ectomycorrhizal
infection of red oaks. Can. J. Bot. 64:1101-1103.

6. Dowdy, S. M., and Weardon, S. 1983. Statistics
for Research. John Wiley & Sons, New York.
537 pp. :

7. Enebak, S. A., Palmer, M. A., Blanchette,
R. A., and Stack, R. W. 1987. Influence of
disease management practices on production of

white spruce seedlings in a forest tree nursery.

(Abstr.) Phytopathology 77:1717.

8. Henis, Y., Ghaffar, A., Baker, R., and Gillespie,
S. L. 1978. A new peliet soil-sampler and its
use for the study of population dynamics of
Rhizoctonia solani in soil. Phytopathology
68:371-376.

9. Herr, L. J., Jr., and Whitney, H. S. 1970. Disk~
plate method for selective isolation of Rhizoc-
tonia solani from soil. Can. J. Microbiol.
19:1269-1273.

10. Hildebrand, D. M., and Dinkel, G. B. 1988.
Evaluation of methy! bromide, Basamid gran-
ular, and solar heating for pre-plant pest control
for fall-sown eastern red cedar at Bessy Nursery.
U.S. Dep. Agric. For. Serv. Rocky Mt. Reg.
Tech. Rep. R2-41.

I1. Iloba, C. 1979. The effect of fungicide appli-

16.

17.

19.

20.

21.

22.

23.

24,

25.

. Newhall, A, G., and Lear, B.

cation on the development of ectomycorrhizae
in seedlings of Pinus sylvestris. Flora {Jena)
168:352-357.

. Johnson, L. F,, Curl, E. A, Bond, J. H., and

Fribourg, H. A. 1959. Methods for Studying
Soil Microflora-Plant Disease Relationships.
Burgess Publishing, Minneapolis, MN. 178 pp.

. Koch, L. W. 1951, Methyl bromide as a soil

fumigant for disease, insect, and weed control
in tobacco and vegetable sced beds. Down
Earth 7:1-2.

- Middleton, J. T. 1943, The taxonomy, host

range and geographic distribution of the genus
Pythium. Mem. Torrey Bot. Club 20:1-171.

. Mircetich, S. M., and Fogle, H. W. 1969. Role

of Pythium in damping-off of peach. Phytopa-
thology 59:356-358.

Munnecke, D. E., and Ferguson, J. 1953, Methyl
bromide for nursery soil fumigation. Phytopa-
thology 43:375-377.

Nash, S. M., and Snyder, W. C. 1962. Quan-
titative estimates by plate counts of propagules
of the bean root rot Fusarium in field soils.
Phytopathology 52:567-572.

1948. Soil
fumigation for fungus control with methyl
bromide. Phytopathology 38:38-43.

Parmeter, J. R, Jr., and Whitney, H. S. 1970,
Rhizoctonia solani; Taxonomy and nomencla~
ture of the imperfect state. Pages 7-19 in: Biology
and Pathology of Rhizoctonia solani. J. R.
Parmeter, Jr., ed. University of California Press,
Berkeley. 255 pp.

Smith, R. S., Jr., and Bega, R. V. 1966. Root
disease control by fumigation in forest nurseries.
Plant Dis. Rep. 50:245-248,

Sutheriand, J. R. 1984. Pest management of
Northwest bareroot nurseries. Pages 203-210 in:
Forest Nursery Manual: Production of Bareroot
Seedlings. M. L. Duryea and T. D. Landis, eds.
Martinus Nijhoff/ Dr. W. Junk Publishers, The
Hague, The Netherlands, for Forest Research
Laboratory, Oregon State University, Corvallis.
386 pp.

Toussour, T. A., and Nelson, P. E. 1976. A
Pictorial Guide to the Identification of Fusa-
rium Species According to Taxonomic System

‘of Snyder and Hansen. 2nd ed. Pennsylvania

State University Press, University Park. 430 pp.
Trappe, J. M., Molina, R., and Castellano, M.
1984. Reactions of mycorrhizal fungi and
mycorrhiza formation to pesticides. Annu. Rev.
Phytopathol. 22:331-359:

Vaartaja, O. 1964. Chemical treatment of
seedbeds to control nursery diseases. Bot. Rev.
30:1-91.

Warcup, J. H. 1955. On the origin of colonies
of fungi developing in soil dilution plates. Trans.
Br. Mycol. Soc. 38:298-301.



Vol. 8, No. 1

should not be attempted on
peppers or strawberries since
they are especially sensitive to
the chemical and should be
closely monitored on all other
crops.”

Weed Control

Plantpro 45 does provide some
weed control, according to
Burelle’s study. Multiple green-
house experiments on weed
infestation levels in naturally
weed-infested soil showed that
Plantpro 45 has potential to
control one of Florida’s major
herbaceous weed species in
vegetable crops: purslane
(Portulaca oleracea). Further
studies on the herbicidal effects
of Plantpro 45 confirm signifi-
cant reductions in populations
of nightshade, purple and
yellow nutsedge, and crabgrass.
High-foliar applications of
Plantpro 45 on emerged weeds,
followed by rototilling prior to
planting, provided effective
control of weed species without
phytotoxic effects on tomato
when an interval of 21 days was
allowed before planting and
adequate soil moisture was
maintained between application
and planting.

In contrast, in Nelson’s 2001
California tomato trials mortal-
ity of annual bluegrass and -
common purslane buried 6
inches deep prior to application
of Plantpro 45 was significantly
lower, relative to the methyl
bromide/chloropicrin standard,
and not statistically different
from that of the untreated
control. Further, mixed results

U.S. Department of Aariculture

were observed in the 2000
Florida tomato trials. At the
Lake Jem trial site, the combi-
nations of Plantpro 45 + metam
(applied as a bed-top broadcast
spray strictly for weed control)
did not significantly control
yellow nutsedge. However, at
the Live Oak trial site, the
Plantpro 45 (1X) + metam
(metam again used strictly for
weed control) combinations
reduced the incidence of this
weed species to a level compa-
rable to that of the methyl
bromide/chloropicrin standard.

Seed Treatment

In a different application,
Plantpro 45 seems to also
provide some efficacy as a seed
treatment. Burelle worked with
an oriental-vegetable grower
who had a problem with

~ Fusarium. “Plantpro 45 has

good potential as a seed treat-
ment,” says Burelle. Further
studies are needed.

Technical Report

MethylBromide Alterna-
tives and Their Cutrent
Limitations in Florida

James P. Gilreath, University of
Florida, Gulf Coast Research
and Education Center,
Bradenton, Florida

While there are many limita-
tions to the adoption of methyl
bromide alternatives in Florida,
those limitations are much
different from the principal ones
in California in that they are not
State regulatory driven, at least

8

Methyl bromide alternatives

not at this time. Telone prod-

© ucts, including Telone II (1, 3-

dichloropropene) and Telone C-
17 and Telone C-35 (mixtures
of 1,3-dichloropropene and
chloropicrin), constitute the
most likely replacements for
methyl bromide in many crops
in Florida, including vegetables
and ornamentals.

Large-scale trials have demon-
strated these products on grower
farms, especially tomato farms.
One of the main obstacles for
adoption of alternatives is
nutsedge control, and most of

_ the currently available alterna-

tives either provide no control
or erratic performance in
Florida soils. Tillam has been

. identified as a herbicide which

can be used in conjunction with
Telone to provide nutsedge
control; however, it is only
labeled in tomato and has
produced crop damage in some
cases. In general, it is felt that
these instances of phytotoxicity
were the result of improper
application or inadequate soil
incorporation, as performance
has been acceptable in most of
the large-scale trials conducted
on grower farms. Tomato
growers are fortunate in this
regard for they have an effec-
tive herbicide; however, there
are many crops where herbicide
options are few, including
pepper, eggplant, and cucurbits
like watermelon,

Ornamental growers, such as
producers of caladiums and cut

flowers, have seen little re-

search on their crops and thus
are much farther behind tomato
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and pepper in the selection and
development of alternative
strategies.

Telone products have two
problems, and these are shared
by some of the other alterna-
tives: excessive personal protec-
tive equipment (PPE) require-
ments and setback or buffer
space requirements. Buffers of
300 ft. from occupied structures
are not a problem for most
tomato growers, but for the bulk
of the Florida strawberry indus-
try, they are a major deterrent.
Most of the production is
situated in the Plant City area of
Florida. Plant City has become
a bedroom community of one of
our largest cities, Tampa, and
berry fields are generally
located within what has become
residential areas. Some fields
have housing developments on
three sides and a road on the
fourth. The average strawberry
field is 20 acres or less. The
arable area of a 20-acre field
gets very small when a 300-ft.
buffer is imposed, and even
smaller if it is interpreted as
commencing not from the actual
dwelling but from the property
line. Thus, Florida strawberry
growers do not feel that Telone
products are a viable alternative
for them. Telone may be effica-
cious and result in good fruit
production, but the buffer may
render it impractical for berry
growers.

While all seems positive for
tomato growers, they do share a
common problem with other
producers who may rely on
Telone products, and that is the

PPE issue. The use of a full-
face respirator, rubber gloves,
and boots and coveralls all but
kills any chance of Telone being
used in Florida, especially
during the fall season. Our
tropical to subtropical climate
makes it extremely difficult to
work in the required PPE, and
heat stress becomes a major
issue. Realistically, heat stress
may not be a problem because
workers are not likely to work
under those conditions; thus the
real problem would be an
inability to fumigate soil for
crop production and the result-
ant economic hardship the
grower would experience.

In an effort to deal with or
circumvent the PPE issue, those
of us working in Florida have

_investigated broadcast applica-

tion as an alternative to in-bed
application of Telone products.
Broadcast application would
involve one person in an air-
conditioned tractor cab with
appropriate PPE and carbon
filtration of recirculating air,
thus greatly reducing the impact
of PPE to a manageable level.

- ‘While.this sounds like a good

idea, little data exist for the
efficacy of Telone and-chloropi-
crin mixtures when applied to
nonbedded soil without polyeth-
ylene mulch covering it.

This launched a new wave of
research activity wherein
broadcast was compared to in-
bed applications of Telone C-17
and C-35. Telone II (1,3-D) has
been applied broadcast or in-
bed without mulch in potatoes
for years, and nematode control

9
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efficacy has been well docu-
mented. The real question was
not so much whether Telone
(1,3-D) would work, but rather
whether chloropicrin would
work under nonmulched condi-
tions. There was some concern
that the higher vapor pressure of
chloropicrin would allow it to
escape too quickly to kill
pathogenic fungi near the soil
surface.

Several large-scale trials were
conducted on grower farms, and
disease control appeared to be
comparable between the two
application methods, but anec-
dotal information suggested that
some diseases may not be
controlled as well as Fusarium
wilt race 3 appeared to be
controlled in these trials. Re-
sults of small-plot experiments
with tomato last fall and again
this spring demonstrated that
disease control could be com-
promised. As a result, most
grower trial applications now.
consist of Telone II or Telone
C-35 broadcast with additional
chloropicrin applied to the soil
in the bed at the time of bed
formation. Some cases exist
where the application of chlo-
ropicrin both broadcast and in-
bed is beneficial.

Broadcast application appears
to be the answer to the PPE

- issue, but it in itself introduces

other potential problems. In
order to make the application,
allow sufficient time for the
product to work and dissipate,
then re-enter the treated field,
form beds, and wait for the
dissipation of chloropicrin, a

U.S. Department of Agriculture
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grower must allow at Jeast 3
weeks for what once required
10 days to 2 weeks with methyl
bromide. Summer, when fumi-
gant is being applied for fall
production, is the time wherein
most of the rainfall for the year
occurs in peninsular Florida.
This can greatly disrupt soil
fumigation activities and result
in even greater delays in plant-
ing in August and September,
thus making it more difficult for
growers to develop and adhere
to any type of production
schedule.

During December, January, and
early February, when soil
fumigants are applied for the
spring crop, soil moisture often
is low and this extra time for
fumigation increases irrigation
water needs by increasing the

- time over which it is necessary
to maintain field moisture at the
point required for good biologi-
cal activity. Since growers are
budgeted by the water manage-
ment districts for water con-
sumption, this reduces the
quantity of water available for
use by the crop.

The spring production season is
Florida’s dry season and rainfall
is sparse; thus growers rely
heavily on well water for
irrigation during what is the
largest production season. If the
pre-wet period is too short, soil-
borne pests may be inactive and
more difficult to kill, and
fumigant failure can occur. This
was the situation on several
farms in Florida this spring, and
rootknot nematodes were a
problem even in fields fumi-

U.S. Department of Aariculture

gated with methyl bromide. If a
grower uses too much water for
initial land preparation and
fumigation, he may exhaust his
permitted quantity before the

crop is ready for harvest.

One of the big advances to
come out of the broadcast
application effort has been the
tremendous improvement in
application equipment. Previous
equipment left much to be
desired and resulted in erratic
performance in some trials.
Many different pieces of equip-
ment were tried before the
ultimate winner would be
identified. '

Today, all broadcast applica-
tions in research trials in Florida
are being made with what is
known as the Yetter rig. This
equipment, manufactured by
Yetter Equipment Co., consists
of a series of 30-inch coulters
with a forward-swept knife or
chisel behind each one with a
small “beaver tail” on it, and
behind that rolls a set of press
wheels which seal the soil
surface. The coulters are posi-
tioned 1 foot apart. This equip-
ment was pioneered in Florida
by John Mirusso, whe first saw
it at a farm show in the north-
east where it was being used for
delivery of liquid manures.

Use of this equipment has
resulted in much more uniform
results and improved efficacy.
One of the big advantages of the
Yetter rig is that it places the
Telone about 12 inches deep
where nematodes may escape
the effect of the more typical 6
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to 8 inch deep applications. In
addition, it does not drag plastic
mulch and string around a field
creating large chisel tracks and
the resultant loss of fumigant.
Instead, the coulter cuts through
this and other debris and pro-
vides a more narrow kerf which
is easier to seal.

While we have worked a lot on
minimization of the impact of
PPE by developing broadcast
application of Telone, we also
have investigated application of
fumigants through the drip
irrigation system as a means of
improving delivery and han-
dling and reduction of worker
exposure and the negative
implications of PPE require-
ments.

Applications through drip
irrigation tubing would not only
reduce the impact of PPE by
reducing the number of people
involved and allow develop-
ment of a closed delivery
system, but it also would allow
fumigant delivery for “double
cropping” where the old poly-
ethylene mulch and drip tubing
are being used for a second crop
in the same beds.

Drip application of any fumi-
gant is a challenge in Florida’s
sandy soils. Most of our produc-
tion soils are classified as fine
sands with less than 1 percent
organic matter, no clay, and
very little silt. These soils tend
to be droughty and do not favor
lateral movement of water or
other liquids.
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Several years ago drip delivery
of Telone was attempted in
research trials in Florida and it
was not successful. Since that
time we have studied the deliv-
ery and distribution of water via
drip irrigation tubing and have a
much better understanding of
the downward and lateral
movement of water in beds and
have investigated multiple
tubes, adjuvants, water vol-
umes, pressures, and run times
to understand what might '
improve the delivery of a water-
soluble pesticide in our soils.

We now feel we can achieve
better results than in the past,
but one obstacle still remains:
weed control in the bed.

' While Telone may provide the
nematode control we need, it
will not control weeds like
nutsedge. We still need a herbi-
cide or some other product
which can give us this control.

etam may be an option for our
/&zdeed control needs, but its
performance has been erratic in
past research in Florida, and the
one thing growers require of
any alternative is consistency.

Much research has been con-
ducted on the application of
metam in Florida, recognizing
that proper application was the
key to improved efficacy.
Decreased chisel spacing, high-
pressure injection, disk incorpo-
ration, rototiller incorporation,
delivery through the drip irriga-
tion system, and many other
techniques have been investi-
gated, but the one which has
been the most efficacious has

been rototiller incorporation
followed by either immediate
bed formation or power rolling

. the soil surface to seal it.

Drip irrigation delivery has
resulted in narrow bards of
nutsedge control in the past, but
just as was true with Telone a
lot depends upon the actual
mechanics of the application
and we still have a lot to learn.
Drip delivery would be more
acceptable to most growers if
we could improve efficacy,
because rototillers are slow,
require a lot of horsepower, and
few growers own one.

A few growers who have ex-
perimented with metam applica-
tion on a broadcast basis fol-
lowed by bed formation soon
afterward have complained
about the fumes and had prob-
lems getting their labor to stay
on the job. At least one Florida
grower is using it in this fash-
ion. Overall, we still have work
to do to improve application
technology for metam.

A final problem identified with
metam is the volume of product
required per acre and the need
for delivery and storage facili-
ties for a large farm. One
hundred acres of tomatoes
would require 7,500 gallons of
metam, and that is a lot-of
product to handle. Application
through the drip irrigation
system would make that a more
manageable task, but storage
and delivery problems would
still exist to some extent. Hope-
fully, there will not be any
surprises in the form of PPE or
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buffer zones for metam or
chloropicrin when they go
through re-registration.

‘Chloropicrin’s future is tied to

partnering with Telone for the

- most part, as alone it is not

considered an effective nemati-
cide and provides poor to no
weed control. While it is an
excellent fungicide for soil-
borne pathogens, soil-borne pest
control needs are seldom only
diseases and are usually a '
complex of disease with nema-
todes or weeds or all three
combined.

While there are other products
being considered as potential
alternatives, Telone and chlo-
ropicrin are the most likely »
immediate successors to methyl
bromide. Lack of enough data,
efficacy problems, and the lack
of handling experience with
many of these other products
make them less likely to be-
come common “household
words” in the near future.

The last impediment I would
like to discuss is what I call a
grower’s “‘comfort level.” 1
asked two of my best tomato
grower cooperators if they were
comfortable with Telone C-35
plus Tillam herbicide. Each told
me the same thing: “T have seen
it in your experiments each
season here on my farm for at
least the last 5 years and the
results have been good. I don’t
think we have had any problems
with it or lost much production,
if any, but when you ask me if I
am comfortable with it, I have
to say I am not. I know what

11 R Nonartmant ~f Aarirnitiira
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~ methyl bromide will do because
I have used it for many years
and there is a lot to be said for
the short time interval between
application and planting and the
wide range of conditions under
which I can apply it and still get
acceptable control. Use of
Tillam makes me nervous
because I am not used to apply-
ing a herbicide, and my experi-
ence with herbicides has been to
kill things and I have even
damaged tomatoes with it. Am I
comfortable with this as an
alternative? No. That does not
mean that I cannot become
comfortable with an alternative,
but right now I am not comfort-
able with this and will have to
ease into it slowly.”

Comfort is that feeling we have
from knowing something well.

- This level of knowledge is only
attained through prolonged
exposure and positive experi-
ences. Comfort will not come

Mention of trade names or commercial produgts?
mforrnation and does not imply recommendation or.

. Thls publlcation reports research mvolving pesti
it imply that uses discussed hete have been reglsféred-.
State and/or Federal: agenCIes before they can bé:reco
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overnight, and any negative
experience can set back the
progress made to date tremen-
dously. This is why as scientists
we must try to anticipate the
problems and address them
before they reach the grower.
Additionally, we need to work
closely with growers to intro-
duce them to the alternatives we
recommend and any other new
technology associated with their
use to assure an easy transition
so there are viable alternatives
with which our growers feel
comfortable. Only then is our
job complete.
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"AmﬂmﬂxeBeautlﬁllpmgams Acrmgeresponsedependsboﬂxonhnduwnerbehawor
and on jand characteristics. Predicnonofthxsresponseforneworuntnedgovetmnmt
mcamvsmmqumﬂyreqmessmulﬁnemswﬂnnhmofhndownerhdﬂsedeu
snomandofmenmnberofacr&saﬂectedbyﬂ)edeaslons A method to predict aggregate
acreage response to proposed land-use programs is described in the paper. This method
" is illustrated by an analysis of how cost-sharing could have affected NIPF owner invest-
ment in pme regﬂmtmn oﬁharvestedhndsmtheSmxthm 1971-1981. Results show
that cost-sharing may ‘havé encouraged 70% of the regeneration investment observed
dmmgdxepmod,andﬂntchmgesmtheoostsharemmwouldhavebeenan
) eﬂechvewxymdnngeﬁ:eammtofpmemgeplmtedmseededmtheSouthdxmg
) tlnspemd.Apphcahmofthemeﬂwdhpmposedﬁmmepmgmnswouldremneanew
" area frame sample survey. FOR. Sc1. 37(1):175-190.
- ADDITIONAL KEY WORDS.: Nomndustml private forest’ ‘tandowner, snuﬂ:em pme xegm—
. .eration, econometric analysis; pbﬁ‘cyr&eponseanalys:s atmﬁamesample

% EVERAL' GOVERNMENT PROGRAMS OFFER ECONOMIC : lNCEN'l‘IVES to enoourage
active. management on nonindustrial private forest NIPF) lands (USDA
Forest Service 1988, Alig et al. 1990). Among these are the Agricultural
Conservation Program (ACP), the Forestry Incentives Program (FIP), the Con-
servation Reserve Program (CRP), and the Tree Assistance. Program (TAP)
{Gunter and Ogden 1989). State forestry cost share programs also exist in- 14
states (Bullard and Straka 1988). Furthermore, subsidies to plant, trees are an
important consideration in the proposed “America the Beautiful” program (USDA
Forest Service 1990). Since participation in such programs is voluntary, program
effectiveness depends on private owner decisions. In the case of cost-sharing, the
participation decision is also an investment decision, for the qualifying owner must
commit economic resources to the regeneratlon or improvement of a forest site.
Although the decision to participate is an important aspect of a voluntary pro-
gram, the number of participants is not always the best measure of the program’s
effectiveness. When its purpose is to increase timber supply, shift land use from
farm to forest, preserve natural lands, or create forest carbon sinks, the most
direct measure of effectiveness is the number of acres affected by the program.
Assessment of such programs requires knowledge of both the number of land-
owners who would participate and the number of acres that would be affected by
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"t participation. But obtaining the acreage response from knowledge of typxcal
landowner participation decisions is not trivial. Land characteristics are hetero-
geneous across owners, and may cause identical owners to produce different
acreage responses to a given economic inducement. The aggregation of acreage
for such owners is an example of the classic heterogeneous capital aggregation
problem of economic production theory (Sato 1975, Chambers 1988). This prob-
lem is known to be one of the most intractable encountered in eoonormc analysis.

In addition to the heterogeneous input aggregation problem, landowner partic-
ipation decisions may also vary with motives for owning forestland (Binkley 1981,
Hyberg and Holthausen 1989). Wher diverse motives exist, diffefent participation
decisions may be obtained for identical forest sites. Thus the total acreage ré-
sponse to a land-use program can be affected by the distribution of landowner
motives and by the distribution of forest site characteristics.

This paper develops a way to simultaneously estimate the potenhal landowner
and acreage response to prospective economic incentives. Typical NIPF owner
response has been successfully estimated in previous studies (e.g., Boyd 1984,
Royer 1987). But these landowner decision studies have not been extended to the
estimation of regional acreage response. Regjonal acreage response has been
successfully estimated in studies based on aggregate land-use data (e.g., Alig
1986, Brooks 1985). But these estimates depend on landowner decisions prevail-
ing during the data period: They do not capture changes that might be induced by
a new policy. Simultaneous determination of the two responses is necessary to

analyze the potential effectiveness of new land-use incentive programs.

The proposed analytical method depends on use of an area sample frame to
solve the heterogeneous input aggregation problem. This use of the area frame is
documented for the United States Department of Agriculture annual agricultural
land-use survey (Houseman 1975). To our knowledge, however, the area sample
frame has not been used as part of a method to estimate potential acreage
‘response to economic inducements. The following development will show how
this can be done.

Description of the analytical method is organized as follows. First, the type of
statistic needed to analyze program effectiveness with area frame sample data is
presented. This statistic is derived in the appendix to the paper. Then a discrete-
continuous choice econometric model is developed that can be used to estimate
two of the components comprising the statistic. The final component—the set of
expansion factors used to generate regional totals from the sample estimates—is
obtained as part of the area frame sampling procedure.

The method is then applied to estimate the effect selected government cost-
sharing programs could have had on the regeneration of harvested NIPF pinelands
in the South. Empirical results are confined tc 19711981, the survey period of
the only area frame sample that has been drawn for forest land use (Fecso et al.
1982). Similar results could be obtained for present policy proposals if their
potential value justifies the expense of a new area frame sample survey.

A SOUTHERN PINES REGEERTIN MODEL

The statistics derived from an area frame survey are designed to describe how
land is being used during the survey period (Fecso et al. 1982). As a first step
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toward predicting how acreage might be used in a hypothétical s am; the area’
frame statistic is converted to a form suitable for drawing inferences from area.
frame data. As the appendix to this paper shows, this inferential statistic is of the
form: . ' : .

S_ 2 Palsy) + EU) - Mk. - N

. hﬂl . . . oA kS o

where S is the total acreage in the region'iti Iand use t (1 i ) I) P,,,ls the

’ probabihty landowner k will choose land use. t (k = 1, ..., K), E(A,,) is the
" : M i .

sxtuauons by developmg an econometric model which 'wo H'yleld es of P,,,
and E(4,) from given values of the land use determinants x,. Since government
incentives are legitimate elements of 1,,; the 1odel could be used to estimate how
P, and E(A,) vary with proposed changes in govemment incentives. Aggregate
acreage response to each change could then be determined by inserting the
probability and expected acreage estimates into. Equationi ‘(1): values for the
expansion factor M, would be available from the area sample frame. Predictions
obtained for S; could then be compared to the estimated costs of the government
incentives to assess the potential effectiveness of alternate programs.

ANALYTICAL APPROACH

For estimation purposes, reforestatlon mvestment may be, v1ewed as a dec:sxon

. process in which the owners sxmultaneously choose, a site treatment and the

acreage to be treated. ¥ the kth OWRér's selection from the I land-use choices is
made to maximize some underlying value (for example, the expected profit or
utility gained from owning forestland), one may hypothesxze the followmg under-
lying selection criterion:

y,",‘,—F(x,,,p,,,)z-lZ,...,Ik-lZ K@

where y} is an unobserved or “latent” profit or utility méasure. The vector x, €
R™ would include observed investment determmants {e.g., prices, costs, or in-
centives) and owner characteristics (e.g., income or occupation). The random
chvamble pa € R1is.a measure of the unobserved factors affecting the kth owner’s -

oice. -

Although the profit or utility measure is unobserved, the cholce of treatment’
made by the owner (e.g., planting, seeding) is observable. If the owner maximizes
y*, the observed treatment choice by owner %k may be represerited by

Y =tifyF>yFVij j#4 j=1,...,L (&)

Thus the maximization assumption is sufficient to relate the observed choice to
the underlying latent measure of returns from the forestland.

The definition of y* allows some diversity in the landowner motive for holding

forestland. This diversity is restricted, however, by the assumption that land-
owners who make the same choice have the same objective. Thus, for example,
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owners choosing not to replant after harvest can hold forestland for reasons other
than profit maximization, while owners that do replant can seek maximum profits
from the production of timber. But all landowners choosing not to replant must
use the same selection criterion. This “representative owner” assumption is
necessary to obtain estimated results from a cross-sectional survey.

Acreage receiving treatment 7 by owner % may be expressed as:

C_1Gmma) iy =i
Aw = {0 otherwise » @

where G; > 0, and mz € R is a zero-mean random variable measuring unob-
served determinants of the amount of acreage treated. Thus the representation
of the landowner’s choice by y, allows a corresponding categorization of the
treated acreage. If G; is also linear in parameters, Equation (4) may be expressed
as a censored regression model:

. . Bixe + maifn =1
o Aas= {O otherwise. _ ) ®

HereB;(‘—:R"’isapammetervector,i'= 1,2,...Iandk=1,2,...K
AN ECONOMETRIC MobEL

The particular model used in the illustrative application has a dichotomous selec-
tion criterion. The owner decides either to leave the regeneration of the pinelands
to nature (i = 1) or to actively invest in pine regeneration by planting, seeding or
leaving seed trees during harvest i = I = 2). The function representing this
reforestation decision is also assumed to be linear in parameters, so that

VE =Y oy 6)

where y € R™ is a vector of parameters. If, in addition, it is assumed that the
vanance~covanance matnx

™

011 012 01y
COV(P-k,Tllkﬂl?}e) = | O12 022 T2
0'1’,_ 0‘2“, 1

is from a trivariate normal dlStﬁbuﬁOn, probnt maximum likelihood techmques may
be uséd to estimate the pararnetéers in . -

-+The expectéd’ acfeage treated in this'case by the NIPF owner can be consis-
tently estimated by applying ordinary least squares to an equation derived from

the expected acreage decision. Since -
, = 1if and only if y}), > y3,
¥, = 2 if and only if y%, < y%,
Ay = B4 + e ifandonly ify, = 1 @®
Ay = Poxe + My if and only if y, =. 2, ©)
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E(A,) may be defined as

E@,) = EAly: = DProb@y, = 1) + EAly, = 2)Prob(y, =
' Biml — @) + By + byloy, — oy) o
B + (Bs — BPxPy + duloz, — o) (10)

Equation (8) is the acreage response function for the naturally regenerated
acreage, and Equation (9) is the corresponding function for the acreage that is
planted, seeded, or left with seed trees. The derivation of this equation from
equations similar to (8) and (9) is in Maddala (1983), pp. 223-228. @, = ®(y'x,),
the probability owner  will plant, seed, or leave seed trees, is a value from the
standard normal cdf and ¢, = dly 'z,) is from the corresponding density function.
Values for these variables can be obtained by substituting the estimated values of
~ from the probit model. Equation (10) indicates which coefficients are signifi-
cantly different. between Equations (8) and (9). It allows the diversity of motive
between landowner classes that previous studies have indicated to be important
(Alig et al. 1990). -

The error term’ “of. the regression model con'espondmg to Equation (10) is
heteroscedastxc. Maxmlum likelihood techniques would yield efficient parameter
eshmates for tlns model but, convergence of the likelihood function is often
difﬁcnlt to establish (Greene 1981). We were only able to obtain consistent esti-
¥ parameters in the example, but corrected the variance-covariance
matrices of the*se.estlmates for heteroscedasticity (White 1978).

Given the estimated parameters, acreage receiving treatment i can be pre-
dicted by using Equation (1). The component E¢4,) would be replaced in this
equation by an estimated value from Equation (10). The probability Py, =
®,(y'z,) would be estimated from the probit results and the standard normal cdf.
The probability P, would be estimated as 1 — Py, Thus, the model defined by
Equations (6)-(10) can provide the sunultaneously determined values needed to

_ estimate S:

DATA AND VARIABLE DEFINITION

Most of the data used in the illustrative applmtlon comes from a South-wide area

_ frame survey of NIPF owners who harvested timber between January 1, 1971,

and May 15, 1981 (Fecso et al. 1982). This s survey is restricted to owners who
did not convert their land to'a nonfores ' harvest. It identifies NIPF
owner pme regmempan deaswns, measmi S ‘tile iber of acres involved, and
prowdes 'data on: landowner attribates, mtenuons and attitudes. Because the
survey is from an area sample frame, the expansx  factors needed to aggregate
model results tor glonal acreage totals are availabIe “The frame also creates the

Rbyer (1987) iised this data set to eshmate the probaBihty thata representaﬁve'

- NIPF owner would plant, seed or leave seed trees. Since the Fecso et al. data set

does not contam stumpage prices or reforestation costs, Royer introduced data

1 The term including the covariances in Equamm (10) results from the conditional nature of the
acreage in each land use.
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for these investment determinants from other sources. This illustrative applica-
tion uses the Royer data set. Specific definitions of the variables used in the
analysis are given in Table 1.

PARAMETER ESTIMATES FOR THE REFORESTATION DECISION EQUATION

Parameter estimates for the reforestation decision Equation (6) are given in Table
2. The selection variable for this probit estimation is CHOICE (cf. Table 1), which
is represented as y,, in model (6)—(10).

Inspection of Table 2 shows that the signs of the estimated parameters are as
expectéd. Both cost and price significantly affect the probability estimates, and
income and information serve as effective constraints on the owner’s reinvest-
ment choice. Owners with higher incomes and more information from professional
foresters are more likely to plant, seed or leave seed trees. Income also interacts
with prices and with farmer occupation in determining the owner’s choice. Farm-
ers are less likely to plant, seed, or leave seed trees during harvest.

The reforestation decision equation’s ability to predict observed choices is
good. The Morrison-Goldberger Coefficient of Determination is 0.58, a relatively
high value for this particular statistic (Maddala 1983). Also, some 84% (57 out of

- 68) of the owners choosing to actively invest are predicted to do so by the model.

Only 8% (12 out of 159) of the owners choosmg not to plant, seed, or leave seed
trees are mcon'ectly predlcted Overall, the eequation correctly predicts the
choices of 204 of the 227 owners in the subsample of observations with no missing
values. This is apprommately 90% of the total chmces in the subsample. .

TABLE 1.
Variable descriptions for the pineland reforestation models.

Variable
name ' Variable description

CHOICE (Y) 1 if owner planted seedlings, seeded site, or left seed trees, 0 otherwise.
ACRE (A) Acres of timberland harvested in sample segment during 1971-1980.
NETCOST .. Subsidized cost of reforestation in doflars per acre, 1983: Full costs used for
. ) owners with no knowledge of cost sharing.
PUBCOST . Subs:dxzed cost of reforestation in dollars.per acre i the owner receives
. S " " public forester assxstanoe 0 otherwisé.
INCOME 1980 anmual household i income, thousands of doftars.
YFARM . . Annual inéome if owner is'4 farmer, 0"otherwise.
YFOREST Annualmcomelfownerlsldcatedmasamplesemnentdesaibedas .
.. . forestlind, 0 otherwise. -
PWP L 'Pu.lpwoodpnce'6ytaveragefor35TmbtrMMSouthreglon3.$Petcord
STP " Sawtimber price: 6 yr avérags for 35 szberMart South reglons. $ per mbf.
YSTP . Crossprodnet momeandsawumbm-pnce E
PUBFOR . 1 if owner used services of a public forester during 1971—1980 0 otherwise.
CONFOR . 1 if owner used services of a eonsultmg forester during 1971—1980, 0
otherwise.
INDFOR 1 if owner used services of an mdustml forester during 19711980, 0
otherwise.
SIZE Acres of forestland owned or co-owned by landowner, 1980.
INHERIT 1 if harvested site was inherited, 0 otherwise,
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TABLE 2.

Parameter estimates and sample statistics for model used to predict probabxhty i
of an active investment.

Variable Parameter estimate T-Rati
* name (standard error) (sigrﬁﬁmoeolevel) (sta?xﬁ%?d?ﬁon)'
Constant ~1.8820 -147 1.0
(1.285) _ (14%) ©.0)
NETCOST —0.02519- -5.58 77.36
{0.00452) (<1%) (41.98)
INCOME 0.07869 2.06 25.45
' {0.03827) %) (17.65)
YFARM ~0.02272 -2.30 7.35
(0.00988) @%) (16.65)
PWP -0.11221 ~1.79 11.76
(0.06278) %) (4.87)
YPWP 0.00637 2.90 307.68
{0.00220) (<1%) (281.45)
STP 0.02694 2.50 125.72
. (0.01078) a% (27.08)
YSTP o —0.00112 —2.80 3113.6
(0.00040) (<1%) (2221.3)
PUBFOR 1.23754 3.88 . 0216
: S 319100 ., (<1%) 0.412)
CONFOR *- 137384 . 2.65 0.093
. (0.51900) %) {0.290)
INDFOR 0.84087 173 _ 0.062
(0.48670) . (8%) ©.241)

. 5Ig'keliln:‘od ratio test: Ch:-squared = 153.62 (sxgmﬁmce level: <1%) Morrison-Goldberger R =

PARAMETER ESTIMATES FOR THE EXPECTED ACREAGE EQUATION

Estimates of the acreage that would be reforested if an owner chooses to plant
seedlmgs, seed the site, or leave seed trees are obtained from a subsample of 224

? Results are given in Table 3, where parameter estimates for 4 model
tion 10y até'; given. Private reforestatxon costs the '} price ‘of saw-
timber stumpage, and owner income are significant determinants of the number of
acres planted, seeded, or left with seed trees.; Whether forestland was inherited
or purchased alsois sxgmﬁcant NIPF owners who mhented land invested in larger
acreages y when regenerating pines. The lower incomes observed in localities with
relatively large proportions of forested land (as measured by YFOREST) resulted

» m_glqaller acreages, receiving landowner regeneratlon investments.

Only the constant term, SIZE, INHERIT, .and the cross-product between ;e—
forestation costs and pitblic forester assistance (PUBCOST) explain the quanhty
of harve§ted acreage that, is not planted seeded, or left with seed trees [cf.
Equation (8)]. This result might be a function of data avaxlabihty, since the vari-
ables in the data set are most relevant to the decision to invest in timber pro-
dl}‘:tmn The standard error incurred using this model is 67. 3 ac, compared to an
itial Standard error of 80.2 ac.

- .
This subsample omits three additional observations with missing acreage values.
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TABLE 3.

Parameter estimates and sample statistics for model used to estimate
reforested acreage.

t = statistic

Variable Parameter estimate (significance Sample mean
name (standard error) level) (standard deviation)
Constant 49.611 5.51 1.0
(9.004) (<1%) 0.0)
SIZE 0.09499 2.97 230.49
N (0.03197) (<1%) (176.18)
INHERET —26.485 -27 0.451
0.7117) (1%) 0.499)
PUBCOST 0.66569 1.66 7.989
(0.40092) (10%) (18.020)
PHP —-165.775 -2.57 0.303
(64.416) (1%) (0.353)
PHBNETCOST -1.3859 -1.95 11.819
(0.71199) (5%) (13.189)
PHI<INHERIT 73.287 2.11 0.127
(34.720) (3%) (0.269)
PHI+INCOME 3.4659 3.35 9.675
(1.0334) (<1%) (15.026)
PHI*STP -1.0350 . 251 36.329
(0.41197) (1%) (43.239)
PHI*YFOREST —2.4314 - —-313 4.538
(0.77766) (<1%) (11.109)
DENSITY® -23.330 —-0.52 0.153
(45.128) (60%) 0.142)

Mean of Dependent Variable = 64.15. Adjusted Coefficient of Determination = 0.30. Standard
Error of Regression = 67.35. Number of Observations = 224. )
*PHI = ®(3'xy), see Equation (10).
b DENSITY = $(y'%y), see Equation (10).

COST-SHARING AS A PINE
,_ REGENERATION POLICY

The question of whether or not to subsidize reforestation of harvested pineland in
v issué’of importanice both to federal and state govemm nments.

the Soith i 3 palicy issue of importaiice bo .
One aspesct of this st i the effectiveness of costharng n encourdging refor.

estition. Here acteages that'would bave béen planted, seeded, or left with seed
treés in 197151981 are estimatéd for each of several hypothesized cost-sharing
alternatives. Elasticitiés of owner' and acfeage ‘response are also defined and
calculated for the alternative policies.? e T
“Five hypothetical alternatives ‘are analyzed; The first examinés what would
have happened to pine regeneration in the ‘South if the federal and state cost-

3 The term “elasticity” refers to the percentage change in a dependent variable (e.g., probability of
reforestation, acres reforested) associated with a 1% change inan independent variable (e.g., net cost
of reforestation). When an elasticity exceeds an absolute value of one, the dependent variable is said
to be elastic with respect to the independent variable. Elasticity definitions for these responses are
given below. . .
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sharing programs had not existed during the 197 1-1981 survey period. Restric-
tions on funding that existed during this period are removed in the second sce-
nario, which assumes that all NIPF owners who conducted a final harvest on -
pineland during the survey period participated in the cost-share programs. In
actuality, the programs were restricted to a subset of these owners. The third
scenario builds on the second by assuming that all NIPF owners who did a final cut
received cost sharing during the period and that the government programs paid
for 80% of the total costs. In actuality, the government programs paid an average
of 69% of the costs. In the fourth scenario, all NIPF-owners with final harvests
receive cost sharing but at a rate of only 30% of the total costs. The fifth scenario
simulates the situation that would have held if the owners who actually received
cost sharing during the survey period had been offered 30% instead of 69% of
their reforestation costs. Other alternatives are possible, but these will illustrate
how the proposed method can be used to predict owner and acreage response to -
proposed changes in cost-sharing programs.

Criteria used to assess the potential effectiveness of cost sharing in the policy
simulationis include: (1) the expected probability that a NIPF owner who har-
vested would have planted, seeded, or left seed trees, (2) the expected acreage
that would have been reforested by NIPF owners who harvested and who chose

to invest in these reforestation methods, (3) the acreage that would have been
planted, seeded, or left with seed trees, divided by the total number of NIPF
ownérs who harvested during the pefiod, (4) the total January 1971-March 1981
acréage in NIPF ownership that would have been planted, seeded, or left with
seed tiees in the South and, (5) the total cost to the federal and state govern-
mients of subsidizing this reforestation. , :

ELasTiciTy DEFINITIONS

Three elasticities will also be used to compare the hypothesized policies. These
include (1) the mean cost elasticity of the probability of NIPF owner investment
in pine regeneration, (2) the mean cost elasticity of acreage response for a typical
sotthern NIPF owner, and (3) the mean cost elasticity of total acreage response
in the South. These mean cost elasticities are derived as follows:

L. E,,,‘the cost elasticity of the probability that owner & will plant, seed, or leave seed
brees is defined as: '

5, o P
: P aap Po

where Py, is the probability owner k will invest in pine regeneration, and x,, is the per

~acfe net cost of regeneration to the owner (NETCOST). This elasticity is computed

; ffom the sample data as Ej, = -0.02519 - DENSITY - NETCOST/PHL The mean
cost elasticity .of probability is obtained as a simple average:

ay

1 K
By =5 2 Em 12)
5 Y
2. E_, the cost elasticity of acreage response for owner k, is defined as:
aE
A 19
s E@A)
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where
. E@) = Bix + (B2 — B)'®pty + dylon, — 01, and xy,
is the variable NETCOST. The elasticity is estimated as:
B, = [0.665687 - PUBFOR — 1.38504(1 + £,,) - PHIINETCOST/A,. (14)
where A & is the estimate of E(A,). As'before, the mean cost elasticity of the owner’s

acreage response (E,) is found by averaging the individual elasticities over the sample

of owners. -
3. E,, the cost elasticity of total acreage response in the South, is derived from Equation
(1). This elasticity may be defined as:

Bgzx__l_j

= E sz (15)

4 E[k

where, as before, x,, is the per acre net cost of regeneration to the owner. It is
straightforward to show that E,, = E,, + E,, so

Ep + E, ‘
Er= [—LX,—"*] =E, + E, (16)
k .

It is clear from the computation of E,, that the cost elasticity of the probability
that the owner will plant, seed, or leave seed trees is negative. Thus an increase
in owner costs will reduce the probability that an owner will invest in the regen-
eration of pines. However, the cost elasticity of acreage response for the average
owner may be either negative or positive, depending on whether or not the
positive effect of public forester assistance outweighs the negative effect of a cost
increase. As Equation (14) shows, the acreage response includes both the effect
of a cost increase on the acreage reforested and the effect of a cost increase on
the probability that an owner will plant, seed, or leave seed trees. Since signs can

vary over owners, the mean cost elasticity of total acreage response could be

positive; but it is unlikely that this will occur.

COMPARISON OF TOTAL ACREAGE ESTIMATES

To obtain estimates for the total acreage receiving regeneration investments
during the 1971-1981 period, missing income values are interpolated in the sam-
ple data. This is done using a regression of income on other survey variables.
Missing inheritance values are set equal to 0.5. These interpolations yield a
useable subsample of 248 observations, three less than the total sample of 251
owners.* Estimates of expected probabilities that NIPF owners will plant, seed,
or leave seed trees are then obtained by applying the probability. model of Table
2 to the sample of 248. Estimates of sample acreages reforested are obtained
from the acreage model of Table 3. Equation (1) is used to obtain total acreage
estimates for the region. o

Fecso et al. state that 1,269,000 ac of NIPF lands were planted, seeded, or left
with seed trees in the South during the 1971-1981 period. The survey data set
gives 1,076,911 ac as the total for this period, some 15% less than the cited

* Three observations are omitted because of missing values for acreage and for the expansion factor
relating sampled acreage to the total acreage in the region.
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figure. The total acreage predicted by applying the estimated model to the sample
of 248 observations is 1,113,074 acres, a value that is 3% higher than the sample
total aid 12% less than the cited figure. Much of the difference between the
§ample total and the predicted value is due to the interpolation of the missing
imcome figures.

The total reforested acreage reported by Fecso et al. differs sub: i
that reported in other USDA Forest Service studies (e.g., USDA I"sctf'gggn S};gl(i)éz
1981, 1988). For example, the 1988 USDA Forest Service study reports that
2,899,000 ac were planted or directly seeded on NIPF lands in the South in-the
fiscal years 1971 through 1981 (Table 2.11, p. 290). These higher estimates of
refore§tatlon are derived from nursery totals for seedlings and seed instead of
from direct surveys of NIPF owners. They depend on assumed planting rates, and
they are not adjusted for planting on previously planted sites, for mortality dtylring
planting, or for changes in site use after the stand is established (Williston 1980).
In each case, an adjustment would decrease the acreagé estimate.

In contrast, the reforestation acreage figure derived from the Fecso et al.-
survey may be low due to the difficulty of identifying and sampling owners who

hatvested early in the survey period. There is no clear way to reconcile the -

dxffergnce between acreage estimates and no attempt is made to do so in the
following results. The survey data are used to illustrate the proposed method of
analyzing potential government land-use programs. B

The values of the probability, acreage, and elasticity measures computed from
the sample of 248 observations for the earfier outlined cost-sharing alternatives
are reported in Table 4. The base alternative given in this table gives the corre-
qunfilng estimates for the situation as it actually existed in the survey period.
Sirice descnptxve values are available for this period, this alternative may be used
to review how well the model predicts values from the Fecso et al. data. It also
provides a base against which to compare ‘the results from the other alternatives.

BASE ALTERNATIVE: OBSERVED SITUATION

Thirty-one percent of the surveyed owners planted, seeded, or left seed trees.

~ This compares to an estimated probability of 0.30. An average of 65 ac was

reforested by these owners. The same average was estimated using the model.
Total sample acreage receiving reforestation investment, when divided by all
sample owners who harvested, equaled 27 ac, a value that was ‘also’ correctly
estimated. by the model. As. noted earlier, the model predicts total ai:feages
planted; seeded, or left with seed treés in the South to be 1.113 million ac. This
13 some 3% greater than the 1.078 million ac obtained from summing up the

- Teported acreagc.es,ép the sample of 248. Thus the probability estimate falls slightly
below; the. descriptive value, while the total acreage prediction is slightly above.

- Estimated probabilities that an owner planted, seeded,. or left seed trees are

elastic’at the level of cost-sharing observed during the survey period (Table 4). A

1% decrease in the owner’s cost-share at this level of investing in pine regener-

+ation would have invoked more than a 4% increase in the owner’s- probability of
- aking such an investment. In contrast, a 1% increase in the government subsidy

would have stimulated only three-tenths of a percent increase in the acreage *
treated by the owner who invests. Total acreage response for the region would
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TABLE 4. POLICY ALTERNATIVE 2: SUBSIDIZE ALL OWNERS WHO HARVEST

Estimates of reforestation probabilities, reforested acreages, and elashcmes

resulting from different cost- sharing policy alternatives for 1971-1981 period. Model estimates indicate that if cost-sharing had been available to all owners who

harvested during the survey period, total acreage planted, seeded, or left with

Policy alternative® seed trees would have increased to 1.563 million ac. This is some 40% above the
base level of 1.113 million ac. As before, the change in estimated total acreage is
Estimate Base 1 2 3 4 5 due primarily to an increased probability that the NIPF owner would have chosen
— - to invest in pine regeneration: this estimated probability increases from 0.30 to
Pm:fabmz g:ner ;ﬁlt) 30.3 10.3 49.5 58.4 22.4 17.3 approximately 0.50. As the proportion of owners estimated to invest increases,
A‘fer:;fa aea:: however, the cost elasticities fall. When 50% of the NIPF owners are estimated
receiving investment ) to reforest using seedlings, seed, or seed trees, a 1% decrease in the owner’s
. (i acres) 65.1 649 64.0 722 ) 5.8 601 cost-share rate would result in only an 0.8% increase in the probability of an
“ Average acreage ) owner choosing to invest in regeneration. Even so, the estimated cost elasticity
Zﬁm:};ﬂ) 271 7.7 37.7 48.1 15.1 of total acreage would remain above 1, primarily because the increase in public
Total acréage subsidy rate would have stimulated a significant increase in the amount of acreage
reforested® in South _ treated by the NIPF investor.
5718 o 1113 036 1563 1987 0619
Total cost to ‘ PoLICY ALTERNATIVE 3: INCREASE COST SUBSIDIZATION RATE
government (in mil. - o .
dollars)” 122.3 00 2163 2460 . 509 The offsetting role of the amount of acreage treated is more apparent in policy
E'asde“:sz:f mvestment .33 672  -077  —.040 ~330 alternative 3, which js alternative 2 plus an 11% increase in the subsidy rate. In
Blasticity of acteage ' . . this case, the cost’ elastxclty of total acreage response becomes slightly more
resporise! elasuc, even though the absolute: elasticity of the estimated probability that an
representitive owner 030 040 026 068 ‘0'22 - owner chooses to plant, seed, or leave seed trees falls to 0.04. Thus, once free
Ehsm;otz;f ag: f:gien —4.08 ~6.32 -~1.03 ~108  —3.08 accessfbilrty to the program is assured, an 11% increase in the cost subsxdy would
(=5} 3

have encouraged few additional owners to invest in active regeneration practices.
But it would have encouraged the owners who were already planting, seeding, or
leaving seed frees to have increased acreagés treated. This estimated acreage
increase would have been enough to keep the total acreage response elastic. The
results of Table 4 suggest that, given an 80% pubhc cost-share rate, a 1% rate
mcrease would have generated a 1.08% increase in the total NIPF acreage planted
thh seedlmgs, seeded or left ‘with seed trees in the South.

idies to all NIPF own
» Policy alternatives are: (1) remove cost sharing programs; (2) extend subsi »
whoh(:\r?;stedd\umgpmod (3) increase the subsidy rate to 80% andextendtoall_NIPchnerS,
extend cost-sharing to all owners, but reduce rate to 30%: (5) restrict cost-sharing to owners
iving subsidy during period and reduce rate to 30%.
B Estimated from: Fecso et al. (1982) data for 1971-81.

have been elastic because of the number of owners who would have shifted tg

actively investing in pine regeneration. A 1% increase in ‘the 69% average Co:

share granted durmg the survey period would have testlted in an estimal
" increase. of 45. 4 M ac in treatéd pine land. )

- Poricy ALTERNATNES 4 AND 5: DECREASE Coér SUBSID!ZATION RA'n;: .

icy, alterniatives:4'and’ 5 explore the Cofisequences of reduciiig_the: govern-
m t's rate ‘of cost sharmg to 30% of totnl costs a tactic that would have essen-

POLlCY ALTERNATIVE 1: CANCEL CosT SUBSIDIZATION

Removal of the cost subsidy dunng the 197 1—-1981 period would have had o)
small effect on the estimated acrezge treated by an owner who decided to in
in pine regeneranon. However, it would have had a large effect on the number;
owners choosing to invest: the estimated probability that a NIPF owner WOl
have planted, seeded, or left seed trees drops from 0.30 to 0.10. As a cong)
quence, the estimate of the total acreage receiving these investments decre
from 1.113 million ac to 316 M ac. This suggests cost-sharing stimulated
70% of the NIPF reforestation investment observed in the South during

survey period.

grantedtoallN]PF owners who harvestedmtlnspenod total pine
land’ acreage planted seeded, or left with seed trees would have fallen from 1.113
milhon”ac to, 617 M ac. If accessibihty remamed at survey penod levels, the
reduchon would have been to 532 M ac. The expected percentage of owners who
would have planted, seeded, or left seed trees also would have decreased from
30% to 22 and 17%, respectively. At these levels, a 1% increase in the govern-
ment subsidy rate would have increased the number of owners adopting these
practices by 3.3 and 5.4%, respectlvely Aggregate acreage planted, seeded, or
left with seed trees in the region would have increased by 3 and 5%.
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SUMMARY AND CONCLUSIONS

Several studies (Boyd 1984, Hyberg 1986, Royer 1987) predict the probability
that a southern NIPF owner will choose to invest in pine regeneration on har-
vested land. Each of these show knowledge of cost-sharing to be an important
determinant of the investment decision, but none take the additional step of
estimating the total acreage that would be treated as a result of a cost-share
program. Total acreages receiving regeneration investments in a given region
have been estimated from models using aggregate land use data (Brooks 1985).
Estimates from these studies capture the effect of cost-sharing, but only for the
landowners that invested during the data period. Measurement of the effective-
ness.of new or untried incentives in changing the total acreage receiving regen-
eration investments requires simultaneous estimation of the probability that own-
ers will invest and of the acreage that will receive this investment.

The empirical results of the paper are restricted by data availability to a his-
torical analysis of what might have been. Current resuits would depend on ob-
taining a current area frame sample. Since such samples are expensive, the
proposed method of analysis is practical only for policies involving potentially large
government expenditures and affecting potentially large amounts of land. To date,
however, comparable results have not been obtained from other less expensive
studies of forest land use.

There is considerable debate surrounding the effectiveness of cost-sharing
programs in the South (Alig et al. 1990). Part of this debate may arise because
completed studies of cost-sharing do not explicitly consider the land input aggre-
gation problem. Results developed from these studies are based on samples of
NIPF owners drawn without regard to land characteristics. These samples may
also include owners with differing land use motives, and reported cost-share
findings may be influenced by the mix of motive in the sample.

Use of an area frame sample to control for the heterogeneity of land allows the
analysis of the data to be focused on landowner behavior. Use of a discrete-
continuous choice model allows for some diversity in owner motives for holding
forestland. Simultaneous estimation of behavior and acreage response provides a
way to assess the effectiveness of proposed land-use policies before they are
implemented. ' '
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APPENDIX: AGGREGATION OF DATA FR
] AREA-BASED SAMPLE
i R AT IR T R T i
Although the population of the South-wide reforestation survey is defined i terms
of owness, the sample was determined by subdividing the total land area in the
South.into small blocks or segments and then selecting a probability sample from
the§e segments. Al tracts from within the sample segment harvested during the
(!eSIgnated period were then identified, and the owner or co-owner of each iden-
l?ﬁed tract was surveyed. Owner responses consequently make up the observa-
tions of t.he sample, but aggregation of the responses is in terms of the number
of acres in the South represented by each sample observation. '

%
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This type of aggregation is done as follows (Fecso et al. 1982)... Let i represent
type of post-harvest treatment, withi = 1 representing the option _to let the site
regenerate without planting, seeding, or leaving seed t:fees. Assign N,()) the
value of 1 if sample observation  is for an owner in class 1, and set N »(1) equal to
0 otherwise. Let A, > 0 be the acreage treated by the kth owner in the samPlel
of K owners and M, be the expansion factor estimated from the area probability
sample. When rnultiplied by A,, this expansion factor y1eld§ the total acreage in
the South represented by observation . The total acfeage in the South receiving
treatment i can then be estimated as:

-

K
p Si = X, Ni®AMy A1)

k=1

Note that the corresponding population statistic would have K equal t:o the total

number of NIPF owners who used treatment { in the designated period and M,
ne for all k.

eq‘llfalv;: Zre to estimate acreages under conditions different from .those of the

sample period, we need to convert the descriptive thal_ion (A.1) into an infer-

ential statistic. Such a statistic would evolve naturally if the survey could be

repeated for T mutually independent trials. Then the average total acreage re-

- ceiving treatment i could be _expressed as:

K T . .
§= EM%@@%—Q My (A.2)
k=1 \t=1 ‘

where X,,, is a vector of investment factors applying to owner k m mal t, N, (X
is the value of N(f) in the #th trial and A,(X;) 1s the acreage individual & chooscs
to treat in trial 2. Equation (A.2) may be rewritten as:

. K - .
8§ = >, PuEAIM, ' A3
k=1 ,
where P is the frequency or probability that individual k will choose alternative
{and ‘ ' o
' 1
EAD =7 z Ay

. i . R ¢ ) T

Equation (A:3) suggests the dévelopment of an econometyic model that simut
tane?)usly estimates Py, and E(4,) as a function of the set of vectors X, Cali-

bration of such a model will depend on a represent_aﬁve owner hypqthwis, since
repeated trials are not available (T" = 1). : x5
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Principal Components Re gression to
Mitigate the Effects
of Multicollinearity

BERNARD J. MorRzuCH
GREGORY A. Ruark

ABSTRACT. One consequence of multicollinearity among- the structural independent variables of a
regression model is that variables are frequently deleted as a means of proceeding with
sensible hypothesis tests. Principal components regression has the advantage of avoiding
model specification error due to variable deletion. The technique works as follows: the
independent variables are orthogonalized into their principal components; components
with low information content are deleted; the model is estimated by ordinary. least
squares; then the principal component estimators are converted into coefficients in the
original parameter space, where a judgement about their contribution is made via an
An example using tree growth data is presentéd to demanstrate the merits of prinicipal
components regression over variable deletion. Results indicate that “correct” structural
specification does not have to be compromised through variable deletion when collinearity

- is present: This obviously has inplications for Jarge-scaled regression models, in which

- . :an increased qumber of independent, variables, in the specification may. promote a lével of

- collinearity that is'not conducive to making statistical inferences.’ Analytical methods hike

principal compenents, that adjust for the effects of collinearity on the variable selection
process, are merited. For. Sci. 37(1):191~199. .

ADDITIONAL KEY WORDS.  Restrictions, orthogonality, eigenvectors, sequential deletion.

“data that are gotten from some external source, i.e., passively. generated
L.rather than being part of an experimental design. Frequently, the researcher
desires to analyze the structural relationship among variables and.chooses re-
gression analysis as the vehicle for. exploring issues relating to. model structure,
A problem frequently encountered’ with passively generated dita i$’ collinearity
amiong the structural independent variables of the regression model itself. Applied
researchers frequently confront this problem by resorting to data mining téch-
niques as a means of conducting sensible hypothesis tests. This “solution,” how-
ever, often. turns:out to be just as bad from a statistical point of view as the
pr’oblem; itself. Such techniques fall into the categories of stepwise regression or
variable eliminationi:-While they can sérve a purpose, they frequently are over-

L L A : .
IN_ APPLIED FORESTRY WORK, more often than not the researcher bas access to

used or. misused (Freund 1974, Freund and Debertin 1975). - . ..

Basically; eliminating a variable from a model amounts to placing a restriction of
zero on that variable’s regression coefficient. Imposing such restrictions, espe-
cially in the context of collinearity, always reduces the variances of the remaining
coefficients—a most attractive outcome with respect to the performance of hy-
pothesis tests for the regression coefficients. However, eliminating a variable that

Marcy 1991/ 191
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EFFECT OF SOIL FUMIGATION IN THE NURSERY ON GROWTH . OF LOBLOLLY PINE
SEEDLINGS AND CONTROL OF WEEDS - . =

Charles S, Hodges, Pathologist -
Southeastern Forest Experiment Station
U. S. Forest Service,

Raleigh, N, C.

,-;""

Methyl bromide and Vapam as general soil fum1gants for the control of. fungl..
nematodes, and weeds have beenwidely testedinforest nurseries (Briséoe and Str1é‘k1and
1956; Clifford, 1951; Foster, 1956; Henry, 1951; Hill, 1955; Stoeckeler, 1951; Wycoff

1952) The excellent and consistent results obtamedw1thmethyl bro:ﬂxde to coxtfro ﬁ eeds

Water-sealed Vapam has also’ been widely tested in forest fmrsery" soils; but’
.not. been uniformly effective in controlling weeds and.goil- borne dxseases. For’ th:.s
~ reason, it has not-been used more w1de1y in forest tree nurseries. . PR

In 1959, a study was undertaken at the Little River Nursery near, G& Bro, N'& C., =
to compare the effectiveness of “various formulations and'téchnigiies" 6f*appfyihg4fﬁethyl~
bromide and Vapam in controlling weeds and increasing seedling growth. In addition,
geveral combinations of Eptam; a herbicide, and Nemagon, a nemitocide, were’also tested.
These materials were included since they would bemuch cheaper«tO’*use than the general-
purposé fumigants for-certain’specific‘objectives. Forthe rdst falgites
had been used before and are commercially available, The fidjo#ip
was to compare known effective treatments for the problems existing.
Nursery. The results &f the. study, ‘however, may be applicablé to: oth ‘8¢
nurseries or may serve as gu:.dbs for future tests in other areas. . -

Only one. ma.ter1al Brozone. ‘had not. béen: used prevmual , F
California, this ma.tenal has been effectively used for the control of wee | ‘ematodes. '
and soil-borne fungi at rates as low as 150 pounds actual'inéthyl brotide per acre
(Sher. et al.,.1958; Thomason, 1959; Wilhelm et-al., 1958;" Wﬂhelm et _al (9
material contains, by volume,. 50.percent. methyl bromide;and- nt. oL
carrier, Brozone is injected -into the: soil with- chisel a.pphca.tors' and’

covered with polyethylene covers.

Procedure

planting, on a ratmg system of 0 to 10, with 0 mdxcatmg comipléte:
control. All the plots were weeded by - hand" following the:firgt #4 :.ng;
+in some plots were ‘interfering with normal seedling growthi After the
the plots were weeded by apphcauons of mineral spxnts or: by ha.nd.

seedlmg gelected. durmg the’ grading operatmn. L
~ The following treatments were included in the study Tl g
1. Methyl bromide

A, as the standard treah'nent‘ of l.-pound per 150. squa.reﬁr feét'-(
released under a 4-mil polyethylene cover.-, . W

1The chemicals used in this study were contributed by the following companies i, St
Brozone, Hendrix-Barnhill Co,, Greenville, N, C.; yaporlzed frethyl bromide, Dow’ Chemical Co Menﬁon }
or productdoes not imply endo¥sément by the U.'S, Deépirtmert of Agriculture ’ A
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C. as B pgéng at'the _;iié._te:;rofé,-i:TS-pounds pér a’cr’é_acfﬁal methyl bromide, injected into’
il'and’covered with a 2-mil polyethyleneicover or left uncovered.

er acre drenched into the.soil with 1300 gallons water.

‘acre drenched into the »vs._c‘:;'il-ahd,cé#e'réd-for 2.days with a 2-mil

1dform at t}iév réte of 6 pounds active ingredient (1 gallon) in 75 gallons

per acre-applied to the soil surface and disked in. .

8. ‘as in ‘Af’--“-‘fﬁhwaﬂ'; additional 6 pounds in 75 gallons water sprayed on seedlings 6
weeks later. - : . R i < _ .

,.;._a.sv m Aplus 50.. ga.:l_'loﬁvs: per acre Vapam.
allon per acre (active ingredient) Nemagon.
..in'the granular formlatthe rate of 6 pounds per acre active ingredient applied on the
surfa nd.disked in. - ' S
4. ‘ -
A, in the granular form at the rate of 1 ga.lion per acre active ingredient applied to
_“soil*gurface’ and'disked in. - ' ' - '

5. Check: o ﬁﬁe;ﬁﬁ@nt.‘

A A - .

s classified as a Wickham fine sandy loam

All treatments were’ applied at least Z~dw/eek'3'before planting, The area of the Little
i

River‘Nursery,where'the tests wereconducte
Soilo -

Results

. :Consideringall-criteria measured in the study, the covered Vapam; covered Brozone,
standard :methyl:bromide, and vaporized methyl bromide treatments were significantly
superior ito-no~treatment (table 1), The treatment with noncovered Brozone resulted in a
significant increase’in the number of plantable- seedlings. However, seedlings were much
smaller than those in the above treatments and weed control was inadequate,

s The w 8¢ -Vapam treatments neither increased seedling size nor lowered weed
rating. The 'fact “that “this ‘material gave excellent results in all respects when sealed
with a polyethylene cover is good gvidence that the poor results obtained in the past with
this material are due to failure to get an adequate-seal with water.

Weed_t- control with both the liquid and granular formulations of Eptam was excellent
through 123 weeks; ‘but this ‘material did not-significantly increase seedling growth.
'Nemajgon only slightly increased seedling size, .in_di_ca_ting that nematodes are not a
ajor™ fa% or““at-'this *nursery.” Weed ratings were “significantly increased with this
material ‘At the 6-week rating periodandwerehigher than the check at the 12-week rating.
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TABLE 1.--Effect of various soil ﬁ:migants on growth oi‘ loblolly_...p\ne

seedlings and weed _control

Chemical

Rete

Seedlings. per
‘square foot : .

per acre -
. No. 1

Plantable|

Methyl Bromide
(stenderd) .ceeeveroes

Methyl Bromide
(vaporized).eeessesss

Brozone (covered)......

Brozone (not covered)..

Brozone (not covered)..

Brozone (not covered)..

Vepam (water genled). . .
. Vepem (water sealed)...
Vepan (covered)... ceoes
Gramular Eptem.........
Iiquid Eptem......e...o

" Liquid Eptam  e.eeen.
+ Liquid Eptem)........

1iquid Eptem _')..'.‘.‘;'..
+ Vapam

seov e

)
Iiquid Epteam ).
-+ Nemagon ).

Nemagon............,...
checkdo;---onoo_‘o-acco’&.‘
Lsp, 5 percen'b...:,_}..

Isp, 1 peré.en‘b. cee ._( .

525 1bs.
50 gal.
100 gal.
6 1bs.
6 1bs.

6 1bs.

PR B

Number

300 1be, | 1.7xx

300 1bs, |- 0.9%x

175 1bs. 2.8%%
175 bs. | 0.1
350 ‘lbs.‘_: 0.0

0.2

0.0
. 0.0
50 gal. | 1i5%x
e
I 0.0 |
6.1bs. _
0.0
6.0

6 lbs.

1 gal. 0.0

1 gal. 0.1
0.5

- 0.7

Number
42, 1% |

31.3%

32.6%
30.3* 'V ’ ‘

31.3%

32.0%

25.1

16.3.

28,5 -
26.2

20.5 "

21. 7
24.3

1.8

15.9

37.8%% |

L7

2.0%

1.7%

,;,,.‘ .3"7
4.3
60

| 2.0x
Q-A‘L5‘.3
2.0

I+ 2.3

4T

407

| 1.0%e

3.7

*Denotes significance

. **Denotes significance.

(AR I
o

et the 5 percent level.
&t the lvpercent level. . -
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S ~ Discussion

RNy

From the~ “standpomt of a- general soil fum:.gant, covered Brozone appears to be very
- this lma__.;enal is available only by contract application by a Dow

. _ _fuxn1gated2
; Brozone 1s about equa.l to or even less than the cost for the standard applxcatwn of methyl

11" about. ZOOr-pounds per acre actual methyl bromzde will probably be adequa.te for most
nurseries located on: hght goils. Further studies of apphcatxon rates on different soil
: types are needed.

1 Since the ‘application-of ‘Brozone is highly mechanized, up to 6 acres per day can be
fumigated, ‘as compared with approximately 1 acre by the standard method. This is very
important when the time available for fumigation is limited,

Vapa.m, at the -rate of 50 gallons per acre and covered with polyethylene, also looks

- promising.;: At th;s :rate,. the treatment is comparable in cost to methyl bromide and it-

. mmay cost less if. application techniques can be improved by using covers several hundred
feet long and sealmg the edges. of the covers with tractor equipment.

. The va.ponzed methyl bromide was as effective as the other methyl bromide treat-
ments:but unless;the cover-laying device is modified to use 18- to 20-foot covers instead
of the present ‘6= to 9-foot covers, this method appears uneconomical for broadcast
furnigation ;because :of the high percentage of overlap between covers. For single~bed
treatment, however, the method would be excellent.

From the standpomt of weed control alone, Eptam gave excellent results up to 12
weeks after planting, Some weed controlwas obtamedup to digging time, but the treatment
could -not be considered effective over the entire growing season. Inasmuch as the first

. 8 to 12 weeks.is the most critical period from the standpoint of mechanical damage
from hand: weedmg, and the cost of the material and application at the 6~pound rate is
only a.bout 35 dollars per acre, Eptam could be a very" econom;cal treatment. ‘ :

No’ a.dverse effects on the -seedlings were noted: in any of the treatrments. It should
be noted here. however, that Eptam at 5- and 10-pound rates has caused some stunting
; -a;Georgia aursery. This may have been due to the heavier soil on which
g that study was conducted and is a factor to'consider when'determining the length of tmne
j  between a.pphca.tmn and plantmg. _
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EFFECT OF CRAIG MYLONE HERBICIDE ON THE GROWTH
. OF WHITE SPRUCE SEEDLINGS

J. G. Iyer, Project Assistant in Soils
University of Wisconsin
Madison, Wis.!

In the summer of 1963, W, H. Brener,
Supervisor of Wisconsin State Nurseries, in-
formed the author of a large-scale experiment
involving application of Craig mylone (3,5-
dimethyl-tetrahydro-1,3,5,-thiodiazin-2
thion), This herbicide was-used in.the spring
of 1960 on white “spruce beds at a rate of 580
pounds per acre of 50-D (50 percent dust)

and 350 pounds- per acre of 85-W'(85.percent "
_The chemicals were applied

wettable powder),
about a month ahead of seeding, on alternate
beds, leaving untreated beds to serve as con-

The author is indebted to R, R. Maeglin,U S, Forest
Products Laboratory, Madison,- Wis,, for determining
‘the specific gravity of seedling stems,

4

~ untreated ' beds was much shorter, and
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West, Sect., pp. 174-175,
(31)_____ 1962, Herbicidal residuew
control in shelterbelts, Res, Rpt, NW
(Canada) West, Sect., pp. 137-138,
(32) : 1963, Control of weeds i
woody ornamentals and shelterbeltg
Res. Rpt., NWC (Canada) West, Sects

p. 164,
(33) Saidak, W. T., and Nels 3
’ S, H., 1962, Weed control in ornameng

tal nurseries, Weeds 10; 311-315,
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trols, In the fall of 1962, the 3-year-old wh
spruce seedlings on untreated and treated be
showed striking. differences in their hel
growth and height variability, The stock

height . -was more uniform, with a coeffici
of variability of 9.5 percent. The stock
treated beds had some seedlings of enormo
heights, exceeding 20 inches, and also a ve
high coefficient of variability, 22.3 percent, !

Four soil samples, each consisting of sev Ex¢
6-inch cores, were collected using a ca
brated sampling tube from the. untreated a
herbicide-treated beds, Samples of stocH
were taken with the help of 2 sampling boa
(1). The resultsof these soil analyses (table

Tree Planters' Notes No,




1.--State of ‘soil fertility factors in untreated nursery beds and beds

herbicide (Griffith State Forest Nursery, Wiseonsin)

trea'c.ed with Craig mylone

les Sample Reaction Organic Total Avalleble | Available | Exchange Exchange
No. pH matter N P,0s K,0 Ca Mg
Untreated nursery beds : %
Percent Percent Lbs./a. Lbs. /a. -M.e./200 g. M.e./100 g. :
esearseanens 5.3 2.0 0.082 205 261 0.97 0.38
erreestecsrersses 5.3 1.8 077 217 261 .97 .35
eesarenraes 5.2 2.2 .093 212 232 .82 29
veressessanns e 5.2 2.4 ,100 205 252 .85. 31
AVETOZE e v e vevrsens 5.25 2.1 .088 209.8 251.5 .90 .33
Herbiclde-treated beds
5.1 1.8 0.073 217 227 " 0,60 0.20
visreseseeesarienes 5.1 1.9 .082 217 242 .60 22
315 rrverreneeeneneees | 429 2.3 .09 179 213 .50 .19
* vesssesveassaaeraes 4.9 2.1 091 189 . 208 .50 .16,
rol wi
AVETBEE e v erennares 5.00 . 2.0 .085 200.5 222.5 .55 .19

b 13LE 2.--Morphological and enatomical cheracteristics of 3

-year-old white apruce seedlings raised on untreated

soil and soil treated with Craig mylone. Results per average seedling
Nature of Height~" Ovendry welght | g ooy, | ThETetion prought- | goooinis | Mysorrhizal

: x | Height < Diemeter : value | resimtance

mrsery atoc ' di:‘ﬁger Tope | Roots - ratio | of roote quotient gravity roots

Cnm, Mm. | Grams | Grams . Me. .3NHCL

Untreeted.e... 21.3 2.8 - 7.6 3.01 0.79 3.8 0.233 7.7 0.473 abundant

rblcide

treated..... © 36.0 3.6 10.0 3.33 6.5 .175 5.3 .386 sparse

how very uniform fertility; differences were
ot statistically significant. A slightdecrease

d white ‘in the pH value and available nutrients in
2d beds ‘soils of herbicide-treated beds should be at~
height tributed to a more intense feeding of the larger
ock on “stock,
;g.ii;ts Morphological and anatomical analyses '
ok ;: (table 2) have provided results which strongly
— suggest that the eradicant harmed the vigor
or quality of seedlings. The most significant
avery adverse features of stock produced on her-
ent. bicide-treated beds are as follows:
seven - 1. Excessive- height-diameter ratio pre-
¢ - disposing seédnngs to lodging and damages by
2d aud snow.
bscfocg . 2, A very abnormal top-root ratio of 6.5
bl :rl ) and very low titration value of roots, suggest-
ing inadequate drought resistance of seedlings.
o, 66 Tree Planters' Notes No, 66

‘ig {llustrated in figure 1,

3. A drastic decrease inthe specific gravity
of herbicide-treated stock, further aggravating
the vulnerability of seedlings that are already
affected because of their unbalanced height-
diameter ratio,

4, The scarcity of mycorrhizal roots, which
may handicap the uptake of nutrients by seed-
lings during their initial growth under field
conditions, The morphology of seedlings pro-
duced on biocide-treated and untreated beds

The results of follar analyses (table 3) in-
dicate- that herbicide treatment lowered the
concentration of alcohol-benzene solubles and
promoted an abnormally high uptake of nu-
trients or a "luxury feeding'" of-stock. Both
of these alterations may facilitate the attack of
parasitic organisms.




'

Figure 1.-Morphology of seedlings produced on herbicide-

treated beds (left) and untreated beds (right):

TABLE 3.--Fo:lia.r analyses of 3-year-old white spruce seedlings raised on untreated soil and soil treated with
) Graig mylone. Resulta per averege seedling

Little information has been obtained on 4§
relative survival and growth potential of
two kinds of nusery stock, It was notedt]
the seedlings lifted from herbicide-trea
beds lost most of their needles within af&g@
days upon air-drying, whereas seedlings {1t
untreated beds retained their foliage for
4 weeks, :

The pitfalls occasionally encountered
artificial propagation of plants were knowng
‘early as 600 B,C, In one of his fables, Aes
tells about a man asking a gardener a pertf
nent question: "Why are wild plants strong
thriving, while the cultivated ones are sping
and wilted?" In Aesop's day the reason
most likely a depletion of cultivated sol
fertility; in our time the same results
often due to excessive use of fertilizer sal
particularly nitrogen, and eradicants whi
upset the normal balance of plants by the
unreasonable growth-promoting influence,

:/:
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Rotteveel, A. J. W, Naber, H. 1987,
The use of soil fumigation against yellow nutsedge.
Mededelingen van de Faculteit Landbouwwetenschappen Rijksuniversiteit Gent.

1987. 52: 3b, 1207-1212.

Abstract :
This is the text of a paper given at the 39th International Symposium on

Crop Protection. The results are given of 5 experiments, 2 in autumn as

part of a maize cropping system and 3 on fallow land in July. Metham sodium-
was more effective than dichlorpropene but as effective as dichlorpropene +
methylisothiocyanate. Methyl bromide proved most effective but no treatment
completely eradicated Cyperus esculentus. Tubers appeared to survive below
the tillage depth and some even survived In the top layer of soil.
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- Determinants of Reforestation Behavior ...

Among Southern Landowners

o . JACKP. ROYER
- ABSTRACT." Accurate models of reforéstation behavior
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southern landowners show the probability
- berlands to be a function of mark;
“7in a financial position to consi s
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technical assistance. FOR. ScI. 33(3):654—667.
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sharing, income limitations,

OVER THE PAST DECADE, the planting of pine has more than doublcgi__pn
nonindustrial private forest ownerships in the South, but reasons for that
trend are not clear. Some of the increase is likely due to increased harvests
across the South. Nonetheless, markets for southern pine have generally
improved, and public forestry incentives have been initiated to encourage
reforestation. For example, the USDA Forest Service (1982) reports that
nearly 70% of the forestry investment opportunities estimated to yield 4% or
more after inflation are found on nonindustrial private forest ownerships in
the South. These opportunities represent market signals. that should en-
courage reforestation. At the same time, however, nearly three-quarters of
the cost-share payments under the federal Forestry Incentives Program

have gone to the South for pine reforestation (Risbrudt and Ellefson 1983). . ‘

These payments raise the prospect of a policy influence. The relative im-
portance of public versus market influences has rekindled debate over the
appropriate role, if any, for government in nonindustrial private forestry
(Bethea and Wishart 1984, Jackson 1984, Popovich 1984, USDA Forest Ser-
vice 1984). Moreovetr, it has given rise to a need for systematic analyses of
the determinants of reforestation behavior—analyses that address both
market and policy influences.

The econometric analysis in this paper examines the reforestation be-
havior of southern landowners, focusing specifically on the effects of
markets, public policies, and landowner characteristics. Following a brief
discussion of the structural properties of forestry investment models, a
model of reforestation behavior is specified, drawing primarily on the theo-
retical discussions of McMahon (1964). McMahon casts forestry investment
behavior as a function of both owner and investment characteristics, main-
taining that owner characteristics determine whether a landowner becomes
an investor (vs. remaining a consumer), while characteristics of the invest-

The author is with the School of Forestry and Environmental Studies, Duke University,’
Durham, NC 27706. This research was supported by the USDA Forest Service with the cooper-
ation of the USDA Statistical Reporting Service. The author wishes to acknowledge the assis-

tance of the Southeastern Center for Forest Economics Research. Manuscript received June
16, 1986.
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ment opportunity determine*whéther tree planting’is ¢hosen over« 10
vestments. The model derived is estimatéd using logistical regression and
data from a southwide survey of 251 nonindustrial private forest landowners
who conducted final harvests on pinelands between 1971'and 1981 in one of

12 southern ‘states' (Fecso et’al.1982). The sample represented the popula-
tioi oF southern landowners wha faced a reforéstatior decision after haryest
/ hi ! gnals ‘or public programs. The
de:stumpape;prices; Teforestation

‘the

LE Y4

Thé dependent variablé ‘of
ts after haryesti _

S5 W R TR ot rTRTI AR
Nunierous Jandowner surveys-since the 1 r
lated -behavior, % birt the analysis :of data from ithose. .Suryeys:;has,;yplcalgy
been limited to ‘cotrelating forestry practices ‘with' owrier ‘and -ownership
characteristics. Market and -policy :influences have;sbcen_',investgga;_ed in
foré recent studies {cf:Héaps and Neher:1979,/Binkley, #1981 Chang1983,
McConnell et al.- 1983, Hardie .et al., 1985, and Newman et al.-1985). - The
emphasis of these latter works, however, has been on short-.v.:ra,ther. than
long-term timber supply (i.e.; the choice to harvest ra_ther than the choice to
reforest). ’ :
Exceptions to these patterns are found in the recent works of seyeral
forest econometricians, notably Cohen (1983), Boyd (1984), de Steiguer
(1984), and Brooks (1985). These.researchers have explored reforestation
investments in the South and their works serve here as a point of .de:parture
for the discussion of a model of reforestation (vs. harvesting) behavior. The
models adopted by these four researchers are.drawn from microeconomics,
investment theory, and utility theory; and in each case focus.on reforesta-
tion as it is affected by pine istampage prices and government cost-sharing::
The models of Cohen and Brooks further explore the €ffécts of reforestation
costs; those of de Steiguer and Cohen address the constraint of wealth;
Boyd extends his model to professional forestry assistance, farm occupa-
tion, education, and absentee ownership. Lo D :
‘The upshot of these: models has-been some degreeof convergence on a
broadened array of structural parameters important to forestry investment
behavior. Nonetheless, a cursory examination of the empirical results qf
these studies reveals problems of consistency among the findings. The esti-
mated coefficients for stumpage prices, reforestation costs, 1andowner in-
come, and cost-sharing vary either in statistical significance or sign across

the four models. For example, Cohen and Boyd report positive and sigpifi- .

cant coefficients for stumpage prices, while de Steiguer and Brooks réport
no demonstrable effects for their price variables. Reforestation costs are
reported to have no significant effect by Cohen; Brooks, in contrast, reports
a strong negative effect, but only in the south central states, not in the
southeastern states. Cohen and de Steiguer demonstrate an income con-
straint, while Boyd reports an ambiguous effect for that variable. Finally,

1 Some key studies from the literature include: Folweiler and Vaux 1944, Barraclough and
Rettie 1950, James 1950, Mignery 1956, Yoho and James 1958, Webster and Stoltenberg 1959,
Perry and Guttenberg 1959, Webster and Stoltenberg 1959, James and Schallau 1961, Keniston
1962; South et al. 1965; Somberg 1971, Holemo and Brown 1975, Kingsley and Finley 1975
(among others at the Northeastern Forest Experiment Station), and Marlin 1978.
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B~ *and Brooks report. cost-sharing to have a positive influence on refore
t ; Cohen reports a negative effect.? . o *

Lnese findings raise questions about the determinants of reforestation be.
havior, and they present mixed signals about appropriate policy dir, ctions,
Boyd: for example, contrasts his coefficient for. cost-sharing with .
technical -assistance, concluding that.a better means of ihcréasing timbe;
outputs would be to supply information rather than subsidies. Cohen alsg
argues against public cost-shares, :noting evidence of the ;substitution of
public- capital for .private. capital. Brooks, in contrast, concludes.that.
:;;;slf: cost-sharing could haye a.highly desirable effect ;ohrifﬁ_‘t'ur timbe;

S. B R L e v g R

As a result of these differences, the strategy adopted for thnls nalyeie
not to subscribe initially to the model of an;’ one gr'e'vious reszgrc{sel: vgﬁ '
rather to cxamine the strictural parameters of these 1 odels ‘atid Work to-
ward a€otiposite specification 6f 4 refore'statidﬁ"'iﬁ‘édé;%&éd on goo '
{ctlt%a],:%QQSt’mcts and the possibility of resolving some of the diser.
- 1n ‘the :four 'previous ‘studies. ‘To ‘this end the theoretical ‘dicercot tm

McMahon (1964) were particularly useful. - eoretl.gél dlSCllSSlOl’lS 0<f

. McMghon assumes that forest landowners face two basic choices—first, |
to consume or invest, and then, if the choice is to invest, to invest in réfor:’
estation versus some nonforestry investment. He further maintains that the‘

. Based on these arguments, a model of reforestation behavior can v. spec-
ified as: - - S R _

Y= ftM'G'I'O!IO - : O

P 3

Y is reforestation investment o
M is the earning capagity of reforestation as dictated
G is government incentive through cost-sharing ™' :
Zis the landowner’s income or.asset position, .

by market conditions,
: : T e

ments_co sxden;g__g goyernment cost-sharin, ordingly,
provide, >

_to. re d acc
{ his Opportunity fo respond is not consirained b y. limitéd incomme
nonforestry objectives, or ignorance of reforestation opportunities. . .
- Thus, like the four models diécy§5ed above, the in |
casts reforestation behavior priniarily as a function of pecuniary interest
with stumpage prices, reforestation costs, .and Cost-shapiug that interest.
Moreover, like the models of de Steiguer and Cohen, the model posits an
income constraint, and like Boyd's model, it includes a role for technical
assistance from professional foresters—the primary means by which a land-
owner learns of reforestation opportunities. Finally, the model incorporates
nontimber objectives. Lot
The task at hand, then, is to estimate the parameters of the model,
looking specifically at relative importance of the structural parameters in
Equation (1), possible reasons for the inconsistencies among other refores-

tation models, and the policy implications of the findings.

ESTIMATING THE MODE!

Data to estimate the model were derived from personal interviews with 251
nonindustrial private landowners who had conducted final harvests on 10 or
more acres of pineland between 1971 and 1981 in"one of the 12 southern

- states comprising the southern pine region: Alabama, Arkansas, Florida,
Georgia, Louisiana, Mississippi, North Carolina,’ South Carolina, - Ten-
nessee, Virginia, and the eastern parts of Oklahoma and Texas. The sample
frame used to identify these owners was area-frame sample maintained by
the USDA Statistical Reporting Service. Details of this frame and the sam-
pling and survey procedures for the landowner interviews are described in
Fecso et al. (1982). The 251 landowners used in the analysis were the l#nd- -
owners who had either clearcut or used a seed tree cut as a method .of har-
vest; landowners who had conducted commercial thinnings or selection cuts
were excluded. The sample thus represented the population of individuals
who faced a reforestation decision after harvest and may have been in-
fluenced by markets, public programs, or personal characteristics.? Because
the landowners in the sample were distributed widely across the South, the

current wants, i.e. to consume, rather than to invest. en i
capital are not as limiting, the choice to reforest becomezv:qllll;:t?g:l of the
competitiveness of returns from tree growing compared to alternative forms
of mvestmcnt,_with the marginal cost of investing approaching market rates
Based on this conceptualization, McMahon posits effects from two cate-
gories of €xogenous variables: the characteristics of the landownér—those

=

investment opportunity—those that determine its ‘‘earni ity”

‘ . arning capacity” as
s compared to other Investments. McMahon identifies the landowner clilarac-
, : mp , downer’s economic sit-
]l:a;lnon (his income and asset position), his land management goals, -and his
owle.dge of forestry Investment opportunities. Investment opportunity,

> 1 « 2 d rate of return, the ease
wntlg which that rate is determined, the risk of physical loss, the liquidity of
the investment, and the level of government subsidy.

% Some of the differences in the four stud;

ies may have stemmed from the type or quality of
htly varied definitions of the dependent

daL:a used; still others may have resulted from the slig
vax:nablc. Three of the researchers (Cohen 1983, de Ste;
series data aggregated at the state level to estimate their models

3 Several points regarding the sample and data are noteworthy here. The decision of interest
in drawing the above sample was regenerating cutover pineland to pine. A fuller array of land-
‘owner investment decisions, such as whether to harvest, how to harvest, or whether to plant
retired agricultural land, also affect timber supply and deserve attention in models. The central
importance of reforestation after harvest to southern timber supply led to concentration only on
the post-harvest decision for this study.
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it w data could be su i i measures of
A pplemented with cross-sectional 3
stumpage prices and i ation of the by
vested bolinoe reforestation costs based on the location of the har:
The dependent variable defi i from the
! ined for the analysis was derived fro ¢
:gaﬁyl' .datfz_t and was dichotomous, indicating whether the latxdowhé? l:gg
acti wy r?i .oi'lested by replanting or using a seed tree cut. Because this vari-
e’Stim*at? thlec Ig;gg;?gs,_ the »I_‘let' ‘moc‘i.el! or logit transformation was used to
Teny s paraimeters (cf. Ainemiya 1981, Pindyck and Riibirifeld
Eleven independent variablés were identified to répre the
. lent variables were identified to represent the fivi
;1:: éotfl g;(gﬁgn&g influences 'specified in Equation (1)."A summary ﬁcai%gg\é- )
eir e g i e epw 1 e AR T
presented in Tanie lxpectedsxgns v-vnth tespt?ct tq reforestgnou behaVior are

% 2

o

TAﬁLEI Summa enous vari P
! .. Summary of exogeno ?
reforestation behavior. 7/ oeena variables for the logistical regressk

Variable Measurcment Mean Min-Max  Std. dev. E;xsign
Sawtimber 6-year average, nominal A
orives oy et $.125.. $55-$161- » 25.89 o *
across 35 Timber L
Pulbwood Mart South regions :
pw 6-year average, nominal . -
rios tollors ver cabt $11.81 30-$22.53 4.92 +
across 35 Timber
Reforestati Mart South regions
eforestation 1983 average of FIP $112, - '
costs cases, $/ac for low, $ra-s1 23t -
moderate, and high site
preparation plus machine
planting across 35
Timber Mart South
Keowled regions ‘ '
owledge of Dummy, awareness of cost- . '
cost-sharing sharing prior to. 04 ot B : 050 o
reforestation decision - : -
Income 1980 annual household $25K  $3K-$S0K  17.62 ©  +
income, thousands of ’
5 and dollars*
ore: b o
ho;:ung 4 Acres 232, 30-500 175.78 +-
Estate Dummy, plans to pass
plans harvested parcell) 078 ot o4t *
to heirs
Farming Dummy, farming as 0.21 0,1 0.41 -
primary source
) of income
Techrglcal Dummy, professional 0.27 0,1 0.44 +
assistance forester prepared forest ’ ’

management plan, or
retained the services
of a professional
forester at time

of harvest

* From midpoints of categories; all owners abov: i
: idpoi ies; e $45K were assigned income of $50K.
From midpoints of categories; all owners above 500 ac were assigned size of 503 ac
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_egression analysis pro

-Market signals were represented by two stumpage-price variabl me
for :sawtimber and one for p'ulpwood—a‘nd-reforesta;ion costs. Tuv two
price variables were entered as the average of the annual pine stumpage
prices between 1976 and 1981 as reported for the 35 regions of Timber Mart
South. These prices were not assumed to be the specific prices faced by
individual owhers: rather;they were assumed to be'a measure of the relative
price settings across which the 251 holdings in the study were distributed.
Price expectations were-assumed to form from these relative prices, thus the
' ‘ovided - test of the hypothesisthat the likelihood of
reforestation “was higher'in regions exhibiting ‘higherstimpage prices: -7
+aReforestation costs werealso -computed s a icross-sectional  variable,
usiig case datd from approximately 3000 participants in the federal Forestry
JIncentives Program during’ 1983.5 The ‘average: of the costs for ‘threesite
p'r‘eparatibnsintensitieszﬁélig‘ht;‘i fmoder:ite;’.*Jh‘ndﬂhe‘awi.i—"fﬁlus:ii’ghéfécé's_ts?"'()f
machine planting were used to derive a composite costiestimate-fo feach
group?of counties comptising the 35 TimberMait:South tegions. The:costs -
“applicable to ‘any given Tandowner were not known; 50 the ‘Costevariable;

like the price variable, was assumed to be an indicator of the relative cost
settings from which landowner expectations about reforestation expenses
were formed. Higher average costs in a region were expected to lower the

likelihood that a landowner reforested. - G -
..The earning potential of reforestation was expected to be further in-
fluenced by government-cost-sharing. “The cost=share variablé was mea-
sured as a dichotomous variable, indicating whether a landowner was aware
of the cost-sharing assistance available through the federal Forestry Incen-
tive Program or one of the three cost-$hare programs operative among the
southern states during the 19711981 study period. Awareness of the avail-
ability of cost-sharing was expected to have a positive effect on the proba-
bility of reforestation.® LN
Income and size of forest landholdings were. enteréd as measures of the
Jandowner’s- asset position. Both were collected “as categorical variables
during the interviews and -then transforiéd to-continuous variables using
the midpoints of the categories. The model suggests a higher incomé should
reflect an increased likelihood to reforestation because of the reduced con-
straint on becoming an invéstor. Size of holdings was also expected to ex-
positivé sign— K Cult ‘of higher capital ‘availability and perhéips

Sale: el el . i ie

increased economies of N s
 Constraints on the probability of reforestation were expected, to arise
from the dependence of a landowner on farm income and from the absence
of plans to pass land on to heirs.7 Other factors being equal, farmers. were

4 The implicit assumption here is that returns from reforestation occur only upon harfesting
when timber becomes mature. Some return to tree planting may occur, however, if the planted
land is sold and the value of the young timber is reflected in the selling price. No direct mea-
sures of timberland property value were available for inclusion in the model, although a partial
test of the Jandowners® perception of timberiand values was provided by the variable reflecting
the land disposition plans of the landowners (see footnote 8).

S The author wishes to acknowledge the assistance of Dr. J. Michael Vasievich of the South-
castern Forest Experiment Station for his cooperation in providing these data.

¢ Knowledge of cost-sharing was used rather than receipt of cost-sharing, because in causal
modelling the cause must precede the effect.

7 The variety of alternative land management objectives a landowner may follow makes
model specification particularly difficult here. One often encounters references to “‘nontimber”’
objectives in the forestry literature where the term usually applies to esthetic, wildlife, or recre-
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ex] d to be less inclined to reforest because of their propensity to yse
g?lva;.aafe_capita] for their farm operations rather than their woodlands. This
Is not to imply that farmers are less rational in response to economic oppor-
tunities gha_n nonfarmers. The responsiveness of farmers to economic oppor;
funitics i tested in the price and cost variables. Moreover, any incofie limi.
tations unique to farmers are tésted by the income variable, The farm vari.
a_!zle Was entered simply to test whether farm operations compete fi capital
with forést operations and thus reduce the likelihood.of forestation.sOne.
could alternatively argue that farmers might be more'inclined to understand
the need for reforestation and perhaps be more familiar with assistance pro-
ams.. The negative relationship posited was based on the no :
factors being equal, farmers are inclined. to _support their, farm operation

before jnvesting in their Woodlands.. The farm variable was;a dummy,yar: .

able ‘reflecting whether more than half of the landowner’s ir :
ble er. ; s income 3 -
rived from farming. :,\If‘«v.cvv S e Tk TR ,vql,a:s"ge
-x,s:-mdowne.rs with pians io'pass their land on to their heirs were é)i;;édted
to be8 more likely to reforest because of the retained family interest in the
land.® The variable for these plans was determined from the interviews and
was entered asa dummy. ... - . .. o Co i .
“Finally, the landqwners? contact with professional foresters was é’nte'red
as a measure of the knowledge level of landowners.? The measure of tech-

3,{:1:6“ nx?nagemainft plan for the harvested parcel prior to the sale. Contact
Vith a professional forester, public or private, was expected to enhan
likelihood of reforestation. p o .o ce the

RESULTS _
The estimated model (Table 2) shows McMahon’s conmbtﬁaﬁmﬁon'bf for-

ational vall{es that are compromised when harvesting occurs, The deciéion ’being modelled in
this _stud_y is not the harvest dgcision, however; rather it is the re'f&rcstéiion decision after
clearcutting. The effect of esthetic and recreational values may come into play ‘the d

ide'nﬁf{ed in‘this category, however, and therein lies the specification difficulty.

. This vanable.not only tests the estate objective but also tests the landowners’ perceptions
of returns from timber as compared to returns from timberland. No significant difference be-
:,wlecn t;nlc t:u?r iroups would suggest that landowners perceive young timber to increase the

alue of land. That is, they need not wait until a distant harvest 1 i
tion tore s o realize a return on reforesta-

o . . .
Technical assistance was considered to be the best proxy for landowner knowledge despite

some obvious liabilities. Some landowners may be highly knowledgeable of pine silviculture

and not use professional foresters, in which casc misclassification occurs when using contact

with a forester. A quiz to determine the forestry expertise of landowners might provide a better
measure, Bl;lt when landowners broker their reforestation decisions to foresters, they may not
gasii. _thc quiz, yet a great deal of .technica] expertise is brought to bear on the reforestation

ecision because of the forester's involvement. The quiz method would thus misclassify this
group and the data suggest that- many landowners do indeed broker their land management

decisions to fo esters. As ares i
2 r - ult the contact with rofcssi
\ ' p! onal foresters was used as the proxy
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TABLE 2. Estimated logistical regression equations fo} the likelihood . . zfor-
esting after harvesting in the South, 1971-1981. T ;

Full model S Redu '.('ivlmgd_el ;
Betd | Beta/ _Defiviitive i Elasticity
' (t-ratio) prob @ mean* @ meanP

—1.9186 ' N : .

Rk
©r 40,1059 i - F
(1.70)** .
AL 00,0299, 5
RN 2]V )add)
- +3.3869

cost.shar
Household

48
40,0363

income s X7 P
sizé’df.:'. b EE R .‘ [ DU
holdings
Estate plans - : - _
Farmers —0.6755 ~0.899 C.
' (135
Technical . +1.0842 0.188 c
assistance (2.48)**+ QA4
P(Y = 1) @ means 0.180 - 0184
Concordanf Pairs? "+ - 0.907" * - - 0906 -
-2LogL (mul) 271.34: 27134
~2 Log L-(model) 15162 152.89 .
Chi-square test of reduced model vs. full model: 2 = —2(151.62
*p(l - p)B- WU
b% —l;:)B,

< Not applicable for & dummy variable.” ~ T . o

9 The fraction of all observed pairs with discordant. values (1,0) for which the predicted prob-
ability is highér for the observation with the value of 1 (see Harrell 1983); - vl

*1* denotes significance at the 005 Jeyel . . .. . . -

*+ denotes significance at the 0.10 level

* denotes significance at the 0.20 level

3

estry investment behavior to be valid—the likelihood of reforestation is a
function of both characteristics of the investment opportunity and owner
characteristics. The model further discloses that the investment opportusgfity
is shaped by market conditions as well as the availability of public cost-
sharing, with landowners being moderately responsive to pulpwood prices
and highly responsive to cost-sharing assistance. For some landowners,
however, a budget constraint (reflected in the reduced likelihood of refores-
tation among landowners with modest income) precludes investment. More-
over, the lack of technical expertise further constrains the landowners’ re-
sponsiveness to favorable investment opportunities. _ S

These effects are seen in the two maximum likelihood logistical regression
equations for reforestation behavior in Table 2. Each equation shows the
estimated coefficients and asymptotic t-ratios for the parameters of a full
and reduced model. In the full model, all of the posited exogenous variables
are entered. Six of the variables exhibit the expected signs; the exceptions

. .
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an timber prices, size of holding, and estate plans,!® but none of these
varaoles is statistically different from zero. Of the six remaining variables
four meet the 5% test: costs, cost-sharing, income, and technical assistance.

Pulpwood prices nearly meet the 5% test; the farm variable is significant

only st the 20% level. - R
In the reduced model, the variables not meeting the 20% test aré:¢limi
nated, with little effect on the significance levels of the other regressors
Reforestation costs, government cost-sharing, incor d techii
tance “remain_highly ‘significant” detérminants forestatiod; \With
wood prices also contributing, 4lthough at a $lightly lower confiden:
‘The partial derivatives and elasticities of the probabilities of refore:
from the reduced model are also presented in Table 2’'and show the“magni-
tude of the sensitivities of the landowners to each parameter. Foi-€Xample;
‘a'1% inéréase in'reforestation ¢o5ts’(at the mean) decireasés the likelih f
féfg}éstaﬁon by 2.:74%. By comparison, a 1% inctease in pulpwdod ‘prices
resiilts ‘in ‘approximately a 1% increase in the probability of reforé§tation,
Landowners who are aware of governmental cost-share programs are over
50% more likely to reforest than those who are not. Thos¢ who are advised
by professional foresters at harvest or through a management pk re al-
most 20% more likely to reforest. o e
The income elasticity of reforestation behavior discloses that a 1% in-
crease in income (at the mean) results in approximately a 0.75% increase in
the probability of reforestation. Further evidence of an income effect can be
seen in the separdte estimations of the model for landowners with below-
versus above-average incomes (Table 3). Among the lower income land-
owners, costs, cost-sharing, and technical assistance are the key deter-
minants of reforestation choice; stumpage prices and farm occupation do
not appear as.important parameters. Among higher income individuals,
cost-sharing and technical assistance remain important determinants. while
stumpage prices rather than reforestation costs become the investment pa-
rameter eliciting the most response. o e

DISCUSSION AND POLICY IMPLICATIONS

The above findings have implications for both the modelling of landowner
behavior and the policy debate that surrounds southern timber supply. Let

me first elaborate briefly on the model and its relationship to-other land-

owner models.
The decision modeled in the above analysis was the decision to reforest
after harvesting in the southern pine region. This is just one of several land-

owner decisions that is important to southern timber supply; others would -

include the choice to harvest, the choice of harvesting method once a har-
vest had been elected, and the decision to plant an old field. The impetus for
a reforestation model stems from the recent shifts from pine to hardwood
that have been attributed to the post-harvest behavior of landowners (Boyce
and Knight 1979, Sheffiecld et al. 1985). The intent of this study was to con-

10 The negative sign for sawtimber prices is somewhat deceiving. One possible explanation is
that where sawtimber prices are high, timber markets are active and landowners are encour-
aged to harvest. But among these harvesters are the most marginal investors. As a result, good
sawtimber prices elicit a harvesting choice but not a reforestation choice. If this is the case,
however, pulpwood prices might be expected to also exhibit a negative sign, unless the shorter
time frame associated with pulpwood rotations is more consi t with the planning horizons of
tandowners and is thus a stimulus. More on this possibility is discussed below.
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TABLE 3. ‘Estimated logistical =regre.§;iog'-‘e_quat_io@g_:fon'zefaresration vzv.ior
among landowners with below and above gverage incomes. .

Equation for landowners Equatlon for 1aqd§viner’s
with incomes under 25K o thh incomes over 25K
" Bxplanatory - - rvat . Elasat - ¢ Beta/ .~ - Dervat,; ;Elasat
Boe” Gmin  mer  m i) . meant . mean®

~variable mean® -~ - mean®

*p(l - p)B

b X(1 - p)B .

¢ Not applicable for a dummy variable.

**+ denotes significance at the 0.05 level |
** denotes significance at the 0.10 level
*  denotes significance at the 0.20 level

centrate on that behavior. Additional modeling efforts should address other
forestry decisions to provide a more comprehensive look at the landowner
behavior. Moreover, the landowner, behayior should, be. examined,in.other
parts of the country. The central aim of ‘this analysis, howeyver,. was to

ascertain the determinants of reforestation behavior in the South-—a region
in which nonindustrial private landowners hold the majority of the pineland
and the majority of tree planting occurs on cutover timberland. .. ..., ..

. A second point worth noting centers on the use of microlevel data,and

their geographic scope. The survey data from the southwide study’ differ

markedly from the aggregated data used by Cohen .(1983), de Steiguer
(1984), and Brooks (1985) (see footnote 2), even though _t13e g_oa_l of these
researchers—isolating determinants of reforestation behavior in the South
—was similar to this study. Because different data were used, the estimated
coefficients from this study are not directly comparable to the above. t.hree
studies. Nonetheless, the general constructs of the models—e.g., prices,
costs, income—gave a common frame of reference. The advantage of the
microlevel data lies in the opportunity to specify a fuller r_nodel of reforesta-
tion behavior, avoiding specification errors due to omission. Moreover, at-
tention can focus more directly on causal linkages. Boyd (1984) used micro-
level data to gain these advantages; the primary difference between h1§ data
and the data from this study is geographic scope. The southwide data in this
study allowed better definition of the cross-sectional market variables and
perhaps avoided other local biases. ) )
A third point concerns the measurement of variables—a pcre_nmal
problem for regression modellers. Efforts were made to identify variables
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t' *accurately represented the categories of influen . i V1

. Cpre ce posited by McMahon

\ ). Each variable at best, however, only represents a stmct}:xrél ‘param-
eter of interest. Questions may thus arise concerning validity ‘of the empir-

ical measures, Several questions are posed here as food for thought, for - -

other researchers who may address landowner behavior in the future: Are
current stumpage prices valid measures of market opportunities or ar fes-
sures such as land rent, perceptions ‘of future prices, of relative chatiges

forestry versus other commodity prices better indicators? Is income a suffi-
cient indicator, of wealth, :or. should .other factors, be incorporated?, What
better measures of landowner objectives can be derived?:Finally, how’can
the marginal effects of knowledge and technical assistance be isolated

notations. . Still, opportufity exists to improve furthei

methods. “PP,?\ unity .eXists to improve furthe

. Finally,.on the issue of an, appropriate theoretical model . ) expl:
reforestation behavior of southern landowners, the Vgt'ud‘;"eli'e:\(:ézlxsp’fllat mtz
vestment theory as Qurtlined by McMahon (1964) seems accurate. In this
respect, the model is similar to the models sketched by de Steiguer (1985);
but is -u.nhke the utility-based characterization used by Boyd (1984).“Uxiiike,'
the utility-based harvest decision, in which landowners contrast the relative
values of timber and ,n('mtunber output, the reforestation decision is ébw}-
erned lgss by the prevailing market and is shaped by costs and an income
constraint. These differences in determinants are important and should be
the obqect of additional theoretical and empirical effort. »
_ Setting thgse c!xallenges aside, one can further examine the findings of the'
above ana}ys@ with an eye toward possible explanations for recent trends in
tree planting in the South and the likely effects of alternative courses .of
action by public agencies. Recent forest surveys across the South have
shown significant declines in the annual growth of pine timber on nonindus-
trial private  ownerships (Boyce and Knight 1979, "Sheffield et al. 1985);
which in turn have fosteréd projections of declining piné volumes be.ginﬁi.tié
,aIrJosligd thq year 2000 and possibly dropping to pre-1970 levels by 2030
(h A Eorc§t Scrvxg.e 1983). Equilibrium’ models considered these supply
changes in light of increasing demand forecast real price rises for ;pie
stumpage in the range of 2 to 3% (USDA Forest Service 1983). These in-
creases should répresent inducements to reforest; provided laiidowners are
sensitive to price signals. The regression discloses that southern landowners
are corr_xpe.lled only modestly to reforest by a price stimulus; they tend to be
more .s1gmﬁc:<mt1y' affect;d by costs, cost-sharing, income limitations, and
tcc_:hmca} assistance. This is not to say that landowners are inse‘nsiti;/e to’
prices; indeed the findings suggest landowners are perhaps far more dis-
;:_nmn‘l;atmg with respect to prices than past studies would lead us to be-

ieve.!! The landowners sensitivity to pulpwood prices but not sawtimber

n :
um[r:ati“{o of the .four recent stufdxes, the price variable was not significantly different from
zer 1'1 > s:tx}%u quc§uons about the lmPortancc of a price influence. This may have resulted from
dcrives th(: ) storical d?la frqm national forest timber sales or the Louisiana price series to
e thse L;i[:spga)g:: pn;_c w;anaMblc—thc only option available when using time series data prior
76, ar Timber Mart South began publication. Also, i
sawtimber variable was examined. The ce v s s e et
t . two stu 1 i i
_ sectional and based on a broad geographical arc":.mge price variables in this study were crose
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prices indicates a responsiveness only ‘to-price signals that ‘corre==~nds to
shérter investment horizonsZ=those:fi '
sawtimber rotations. This.is consistent with the notion that lanuowners
apply high discount rates 10 their investment decisions, the likely effect

_ being that timber outputs from nonindustrial private forest holdings will be

below those iéxpected under the assumptions-of lower discount rates and
sensitivity to-a-fuller range of prices.::. ot PR T O ALY

A ‘market parameter with seemingly greater influence of reforestation be-
hayiot s ithe tdst:of reforestation. 2Unlike iprice;bxpectations; the-costsof
préparing dnd Planting 4 harvested ‘sitetareimore
morée easily‘compared to alternative: rates-of geturn
decision: Thisis 4 likely-redson for the neatlythr differ betv
thihelasticiiiés for prices dnd costs:That différenoe importint becausesit
suppests that sids in reforestation costs will be'more critical thén trendstin
Pricesteqdl Feltive incréates:in costd and!] I would résultgn:a
tediiced likelihood of réforestation =zthe negdtive i
offsetting thé:positive:effectsiof ;prices. ﬂhis.dﬁglx$¢psiﬁyitygto.:gqsw Jmespe;
cially among landowners with modest incomes; suggests that low-cost réfor-
estation techniques may ‘hold the key to Jjncreasing Teforestation in:the
Sotith, ~-urd ¥Yor .o W I DR

'during the feforestation

.- Workehua e v sngighrg vildeg g 3
“ The importance of costs is further reflected in the sensitivity of land-
owners to cost-sharing- Regardless of their financial position, landowners
are highly ‘responsive to' cost-sharing. For-landowners with below-average
incomes, this would seem to indicate a way to overcome capital constraints;

for landowners with above-average income .this would seem to be a way of
making the reforestation investment more competitive with other invest-
ments. Some substitution of public capital for private capital likely occurs in
this latter group, nonetheless the strength of the, cost-share coefficient sug-
gests that mich of the effect is additive:<That is; cost-sharing serves as:an
inducement:to reforest, even among landowners not constrained by.capital.

The strength of the cost-sharing coefficient suggests much of the increase in
reforestationsin the-Soiith ‘has been stimlated by federal .and :state cost:
sharing. Continuation of such programs ‘would seem -prudent in light:of the
mixed responses to price signals. i e . S

The overall effects of prices, costs, and cost-sharing illustrate that ‘the

" market and policy,settings in which landowners ‘make reforestation decisions

are important. This holds, however, only for landowners whoare ina finan-
cial position to take advantage of favorable conditions:and who are aware of
the opportunities before them. The marginal costs of investing are simply
too high considering the asset position (income) of some landowners; their

_ behavior is restricted largely to consumptive activities. The model thus sup-

ports the notion of a income constraint as posited by de Steiguer (1984) and
Cohen (1983). E [t
Still other landowners are constrained by the lack of technical faforma-
tion, as Boyd (1984) has suggested. The estimated model clearly indicates
that contact with professional advisors enhances the likelihood of reforesta-
tion. This finding, coupled with the high sensitivity to cost, suggests that
professional assistance from public or private foresters aimed at low-cost
reforestation alternatives.would seem to pay high dividends. But empha-
sizing technical assistance to the exclusion of financial assistance, as recom-
mended by Boyd (1984), may be ill- dvised. Applying Boyd's test of coeffi-
cients to the téchnical assistance and cost-sharing variables in this study
" yields a contrasting conclusion: South-wide, landowners were more respon-
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t ipulpwood rotations«r ~than

médiaté-qrid thérefore -

‘affectsiof costs:morethaii -




sive to financial than technical incentives.

Y

ortant. Both financial and technical
nation’s goal is to increase reforestation rates on southern pinelands; -

role, if any, should government play in
isolation of réforestation determinants in
opposed to normative) exercise; it tell us
As decision units, nonirdustrial -private ownerships do not -enjoy:thédon
‘gevity of corporations, institutions; ot even agenties as investors sand
result, are characterized by high alternative rates of return;;

among these nontraditional investors (Goetzl ‘and.RoS/ér..=1982)),'*.pr6‘gim
financial ‘and technical assistance seem :imperative. But while thése pro-
grams are carried, researchers -anid analysts ‘have'ithe.responsibilityito5i
7 what-market’ mechanisms and institutional changes can be identified that
would increase landowners responsiveness to reforestation and reduce our

i+ dependence on public programs. - T :
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Soil Fumigation at J. Herbert Stone Nursery’
John R. Scholtes?

Scholtes, John R. 1989. Soil Fumigation at J. Herbert Stone Nursery. In: Landis, T.D.,
technical coordinator. Proceedings, Intermountain Forest Nursery Association; 1989 August
14-18; Bismarck, ND. General Technical Report RM-184. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station: 35-37.
Available at: http:www.fcnanet.org/proceedings/1989/scholtes1.pdf

Abstract.—A brief discussion of the history, and current fumigation operations
and experiences at the J. Herbert Stone Nursery. ‘Also a post script to this

presentation.

INTRODUCTION

The J. Herbert Stone Nursery (JHSN) was
established Through a joint effort between the USDA
Forest Service and Bureau of Land Management, The
site was obtained in two purchases in 1976 and 1982, It
is administered by the Rogue River National Forest. The
nursery is located in Southwestern Oregon near the
towns of Central Point and Medford, Oregon. The total
area of the Nursery site is 306 acres with approximately
213 acres of seedling production area. Douglas-fir makes
up approxnmately 608 of the production although a total of
18 - 22 species are produced each year.

The climate is described as "mediterranean”
having hot-dry summers, a long growing season and
wet-mild winters. The established lifting window for the
"dormant plant” liting season is between December 1st
and March 1st.

Most of the nursery's clients are made up of
several National Forests and Bureau of Land
Management Districts within the southwestern quarter
of Oregon and the northem portion of California. Some
specialty products such as 1-0 Western larch are being
produced for clients as far away as Northern Idaho and
Western Montana.

Age classes being grown include both 1-0 and 2-0 ship
seedlings with a minor but increasing number of 1-1
transplant seedlings being ordered. These different
species and age classes are further divided into a
complicated array of "cultural groups” in order to custom
grow seedlings which meet the different morphological
characteristics requested by the clients while still
producing plants that are phenologically sound for hftlng,
handling and transplanting. The "target seedling"
concept has been used for several years to establish the
range in options which are available to clients have when
ordering seedlings.

1Paper presented at Intermountain Forest
Nursery Association Annual Meeting. [Blsmack
North Dakota, August 14-17, 1989].

2 John R. Scholtes is Nursery Manager, U.S.D.A.
Forest Service, J. Herbert Stone Nursery, 2606 Old

Stage Road, Central Point, Oregon 97502.

PAST EXPERIENCES WITH FUMIGATION

Soil fumigation has been a standard part of the
nursery production program since the first seed was
sown in the spring of 1978. The original fumigant used
was a mixture of 67% methyl bromide and 33%
chloropicrin (MB-C). This material was applied and
covered with plastic tarp in the standard manner. It was
always applied by a fumigation contractor. Fumigation
was generally done in the fall before sowing. There have
been small areas fumigated in the spring when there
were seedlings still occupying areas designated for
sowing the following spring. In these cases, the seedlings
were removed during the winter lifting season and the
fumigation was completed-as soon as the soil was in
acceptable condition that spring.

Fumigation has always been done for the control
of soil born pathogenic fungi which are known to cause
pre and post germination dampening-off as well as root
rot during later plant development. The pre and post
fumigation soil tests have consistently shown that MB-C
is a highly effective fumigant for the pathological fungi

- which were considered threatening at this site.

However, there has been an increasing concemn
over the continued use of MB-C. This concem has
developed from several factors. There has been rumors
that MB-C may be more stringently regulated or even
banned from use. There have also been rumors about

- tighter controls on the disposal of the tarp and other

materials which have been in contact with the chemical.
One nursery had an incident involving this material as
well as other factors which led to an administrative
decision to ban the use of the product at that site.
Recent experiences with poor contractor safety and
performance at JHSN has also been a major factor in

searching for an alternative product.




The development of a new formulation of the

fumigant dazomet known as Basamid R spurred the
Nursery Management and the Forest Pest Management
people in the Forest Service Regional Office in Portland,
Oregon to look into the use of this new product as a
nursery fumigant. Several tests have been conducted at
JHSN over the past several years.

The first test involved several small plots in a single
seedling bed. Different levels of dazomet were
incorporated into plots. Pre and post fumigation soil
analysis was done to evaluate the effectiveness of the
material. Seedlings were also grown in these plots and
evaluated. The data was very encouraging so the
following year, an area of approximately one acre was not
fumigated with methyl MB-C. The standard fumigation _
layout in this field required that fumigation be done
perpendicular to the way the seedbeds run. Therefore, |
the area left untreated ran across an entire field of '
seedbeds. This area was later treated with dazomet. Pre
and post fumigation soil samples were taken for both
fumigants for laboratory analysis by FPM personnel. The
area was sown to several species of seedlings involving
many different seedlots. The soil samples proved that,
while the dazomet was not quite as thorough as the
MB-G, it still performed within the ranges considered to be
effective. Informal evaluation of the seedlings growing in
the two treatment areas did not detect any differences.

The following year, about half of the ground to be
fumigated was treated with dazomet. Again, no
differences in effectiveness nor seedling characteristics
were noted.

In the fall of 1988, the entire area to be fumigated
was treated with dazomet. All went well for several days
after the treatment. Then it was discovered that both 1-0
and 2-0 Western white pine in a field east of the treated
area was starting to exhibit signs of chemical injury to the
needles. The affected needles turned straw yellow to
reddish brown within a period of one to three days from
the first indications of trouble. This was quite a surprise
to the management of JHSN. Up to this point, there had
been no indication of trouble with seedlings in areas
adjacent to areas treated with this product. There had
been discussion with another nursery about observed
trouble when it was applied near Westemn white pine.
However, it was thought that being across a major field
road which was a distance of over fifty feet would be
sufficient to afford protection from any chemical or
gaseous drift. In this case, the JHSN damage extended
well over 200 feet into the seedbeds with occasional
damage over 300 feet into the beds. The damage
seemed to be quite selective. Even though there was a_ -~
gradient of damage from heavy near the fumigation site
to minor at a distance of 250-300 feet away from the
treatment boundary, there was also a distinct pattern of
individual seedlings. Near the treatment site, certain
individuals would have 90-100% needle kill while
neighboring seedlings would show only minor tip burn.
Further away, there were seedlings with one half the
tength of nearly all their needles burned while adjacent

seedlings showed no symptoms.

This event also surprised the chemical dealer and -
manufacturer. They had been involved with the JHSN
testing and use from the very first tests. The application
of the chemical had even been video taped at the JHSN
location as a demo on how to apply it on a large scale
operation.

Having experienced this event, the management of
JHSN is locking at how to prevent a similar occurrence in
the future. It is felt that this is an effective alternative to
the use of MB-C and its continued use is justified. Proper
precautions, however, must be taken when it is used in
areas near plants which are apparently susceptible to it
or its by-products.

" The reasons for this incident and the causal agents
have been discussed at length. We are virtually certain
that the problem was not caused by drift of the product
during application. The application was done under
carefully monitored conditions and the damage did not
appear for some days after application. It was noted that
there had been a weather incident after the application
during which there had been particularly stilf momings.
This is not unusual in the Rogue River Valley in which
the nursery is located. This type of condition, known as
an air inversion, traps air in the entire valley but is also
noticeable within local areas of the valley when ground
fog lays just a few feet off the ground and there is no
noticeable movement of the local air. It is conjectured
‘that such a condition led to the buildup of escaping by
product gasses from the dazomet into some level of
concentration at or near the ground surface. This
concentration could have then moved slowly down
drainage across the area of Western white pine. The
affected area was located at a lower elevation than the
treated area and the pattern of damage supports this
idea.

Future use of this product must be more carefully
planned. Among the measures being considered at this
time include: Treating smaller areas within a given time
frame (approximately 20 acres had been treated in one
application day in the case of the damage tfo the
Western white pine). Perhaps treatment with another
fumigant should be used when the area is near the
susceptible species. Better sealing techniques may be
required such as using plastic. The weather patterns
may be more carefully monitored to avoid still air and
inversion conditions. Other more radical treatments have
also been considered. Using a fan system such as used
for.slash burning or orchard frost protection may provide
the air movement needed to prevent damage to
susceptible species. A barrier such as a plastic covered
fence may detour, the air around the area to be
protected. There may be other methods of protection as
well, '

A POST SCRIPT TO THE PAPER

Dazamet was used again in-the fall of 1888. Prior
to treatment, a few methods of protecting Westemn
white pine seedlings which would again be near the




>

treated area were evaluated. A barrier of plastic over
shade frames was placed down slope between the
Western white pine and the treatment area. Smoke from
forches was released on the freatment side of the barrier
on a "still" morning. The smoke simply built up and
crawled over the 4-5 foot high fence. A large gas
powered fan used to fire piles of forest logging slash was
placed in different positions around the barrier. This
offered fittle or no protection as the smoke went over,
around, and past the fan.

Finally, it was decided that the only protection that
could be counted on was distance or being totally down
wind from susceptible species. A small contract was let to
use MB-C adjacent to two areas of Westen white pine.
One area adjacent to Western white pine transplants was
completely treated with MB-C. The other area was
treated for a distance of 250 feet from the Western white
pine. The results were that the area totally treated with
MB-C has no noticeable affects from the fumigation.
However, the Westem white pine that was within 250 feet
of the dazamet was again seriously affected. This time,

no affects were observed for several days after treatment.

Then, after another heavy-still morning, the needies on
the Western white pine started tumning. Again, a definite
pattern is noticeable across the area of seedlings. A
portion of the area which is at the same elevation or
higher that the treated area had no damage. The damage
also grades out as the distance from the treated field
increases. There is again, a noticeable difference
between damage to individual seedlings adjacent to each
other.

THE FUTURE

The old adage "if he does it to me once, shame on
him - if he does it to me a second time, shame on me" is
beginning to nag at the management at JHSN. We know
that dazamet is a useful tool and a good altemnative to
using MB-C. We feel that we need to keep both of these
chemicals available for selective use as needed. The fact
that Westemn white pine can be damaged when dazamet
is used in the vicinity attests very strongly to the need for
alternatives. We had sown the two age classes of
Western white pine involved in this damage in the center
of the nursery not anticipating any problems. Last spring
(1989) we located the Western white pine in an area of
the nursery which is up drainage and generally upwind
from any other field at the nursery. We will continue to
locate this species into areas which are not susceptible to
the downwind or down drainage conditions which led to
the damage of the past two seasons. in addition, we will
be looking very hard at using MB-C in any area that is
within 500 to 700 feet of Western white pine seedlings.
We know now that preventive steps must be extra
ordinary. The 250 foot buffer was simply not sufficient.

We have also been working on other treatments to
give us additional tools in the fight against pathogenic
fungi. We have participated with several other nurseries
in-a contract with a local University to study fusarium.
This work has shed some light on management options
which may one day help control this pathogen. Other
treatments and management techniques will be
evaluated in the future as organic methods become
better understood and alternatives to chemical control
are developed. ‘




., Chloropicrin as a soil fumigant in forest nurseries
by David B. South, William A. Carey and Scott A. Enebak

Chloropicrin has been tesied as a soil fumigant in forest nurs-
eres throughout the world. From 1944 10 the late 1960's, tests were
conducted in Australia, Canada, Netherlands, New Zealand, the
United Kingdom and the United States. Since 1985, studies
have been conducted in Georgia, Mississippi, South Carolina, Texas,
Virginia, Washington and Wisconsin. In Wisconsin, chloropicrin
reduced soilborne pathogens as effectively as twice as much
methy! bromide. Advantages of chloropicrin as a soil fumigant
in southern pine nurseries inciude: efficacy similar to methyl bro-
mide (in regards to reduction in fungi, nematodes and insects),

depleting substance, and no plastic tarp is required. Adding

logical activity. A disadvantage of chloropicrin is that it has
less herbicidal activity than methyl bromide.

Key words: fungicide, methyl bromide, disease, nursery management,
seedbeds

an increase in Trichoderma populations, it is not a Class 1 ozone.

chloropicrin to other fumigants has increased the spectrum of bio- -

La chloropicrine a été testé en tant que fumigéne des sols dans
les pépiniéres forestiéres de tous les pays. De 1944 a la fin des
années 60, des essais ont €té entrepris en Australie, au Canada,
aux Pays-Bas, en Nouvelle-Zélande, au Royaume-Uni et aux Etats-
Unis. Depuis 1985, des études ont été réalisées en Géorgie, au
Mississippi, en Caroline du Sud, au Texas, en Virginie, dans I’Etat
de Washington et au Wisconsin. Au Wisconsin, la chloropi-
crine a réduit les pathogénes pédologiques aussi efficacement que
deux fois le niveau atteint avec le bromure de méthyle. Les
avantages de la chloropicrine en tant que fumigéne des sols
pour les pépiniéres de pin du sud comprennent: une efficacité sem-
blable au bromure de méthyle (par rapport a la réduction des
champignons, des nématodes et des insectes), une augmentation
des populations de Trichoderma, il ne s'agit pas d’une sub-
stance dégradant I'ozone de classe |, et elle ne nécessite pas de
woile de plastique. L addition de la chloropicrine aux autres
fumigénes a augmenté le registre d’activité biologique. Un désa-
vantage de la chloropicrine réside dans une action phytocide moin-
dre que le bromure de méthyle.

Mots clés: fongicide, bromure de méthyle, maladie, gestion de
pépiniére, planches d’ensemencement

Introduction :

Chloropicrin has a specific gravity of 1.66 and a vapor pres-
sure of 18.3 mm Hg (at 20°C). [t is a colorless liquid with an
intensely irritating odor, commonly known as tear gas and is
a restricted use pesticide. The boiling point (112.4°C) is

gher than water and the gas is about 5.7 times heavier than
air (Sassaman et-al. 1986). It is slightly soluble in water
(2,000 ppm). On a weight basis, chloropicrin is the second most
commonly used fumigant in forest nurseries in the United States.
In the southemn states, more than 20 tonnes of chloropicrin are
used annually to produce one billion pine seedlings. Currently,
chloropicrin is added to methyl bromuide as a warning agent
to enthance safety or it is added to enhance fungicidal effica-
cy (e.g. 33% chloropicrin and 67% methyl bromide). It is also

.used in combination with other fumigants such as 1,3-dichloro-

propene. Even when used as the only active ingredient,
chloropicrin can be an effective soil fumigant (Jackson 1934;
Stark 1948).

Early Nursery Trials

Chloropicrin has been tested in forest nurseries throughout
the world. In 1944, a test was conducted in a nursery in the state
of Washington (Breakey et al. 1945). Douglas-fir (Pseudotsuga

menziesii Mirb.) seedbeds containing seed-corn maggots - ’

(Hylemyia cilicrura) were fumigated in mid June. Seed were
sown a week later on June 25. At time of sowing, “the fumes
of chloropicrin were still coming from the soil in appreciable
amounts..."” Chloropicrin reduced injury from the seed-corn
maggot and “'the bed which had been treated with chloropicrin

" ool of Forestry and Alabama Agriculturai Experiment Stauon. Auburn
versity, AL 368495418 USA

was outstanding in the uniformity and vigor of the young fir
seedlings.” '

In 1947, seedbeds of longleaf pine (Pinus palustris Mill.)
and slash pine (Pinus ellionii Engelm.) were treated in
Mississippi (Lindgren and Henry 1949). Seeds were sown on
March 18, at least two weeks after treatment. Chloropicrin (644
kg ha™') was outstandingly successful in controlling a root dis-
ease which may have resulted from injury due to nematodes
(Table 1).

During the 1950s and 1960s, tests were conducted in the United
Kingdom (Benzian 1959, 1965; Aldhous 1972), Australia (Brown
1985), Neatherlands (Pouwer and van Doesburg 1967), New
Zealand (Thulin et al. 1958; Will and Bassert 1959; Will
1962; Bassett and Will 1964), Canada (van den Driessche
1963a,b; 1969; Agnihotri 1971), Japan (Terashita 1962),
Germany (Ruhm 1959) and the United States (Coz 1951; White
and Potter 1963). The following synopsis of chloropicrin is para-

" phrased from van den Driessche (1969).

Chloropicrin is an effective fungicide, has nematocidal
properties. and reduces weed growth. Douglas-fir responds
iwell on Svils treated with chloropicrin (Will 1962; Thutin -
etal. 1958; van den Driessche 1963a, 1968). Chloropicrin
may be either injected to a depth of 15 cm or chiseled into
the soil ata rate of 336 kg ha™". Chloropicrin applied at 168
kg ha™ in two coastal nurseries markedly improved growth
of Douglas-fir, and 84 kg hd~' caused some positive
response (van den Driessche 1963b).

Both soil temperature and soil moisture influence the effec-
tiveness of chloropicrin. Soil moisture content of 1 to 15% is
optimum and. though soil temperatures around 20°C are
desirable, sansfactory results were obtained with soif emperatures
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Table 1. Effect of 644 kg ha™! of chioropicrin on seedling production at the Ashe Nursery in 1947,

Total seedlings m? Plantable seedlings m-? “Healthy™ plantable seedlings m=2
Treatment Longleal Slash Longleaf Slash Longteaf Slash
Chloropicrin 106 360 102 300 70 236
Unrreated 69 397 62 309 0 109

varying from 2 to 20°C (Benzian 1965). Chloropicrin detenorates
with storage and good results can only be obtained with fresh

material.
Aldhous (1972) summarized some early fumigation trials

from 14 nurseries in Scotland and England. In February or March, .

chloropicrin (664 kg ha™') was injected into the soil at least’
three weeks before sowing. Sitka spruce (Picea stichensis Bong.
Carriére) growing in chloropicrin plots were significantly
taller in 69% of the trials. In some 86 trials (which included
trials with four other coriifers), a significant decrease in
seedling production occurred in only 6 trials. Several of the
negative responses were from one silt-loam nursery. Aldhous
indicated that a three week interval may not be sufficient where
fine textured soils remain wet or at nurseries with poor
drainage. He suggested that chloropicrin might be hazardous
1o seedlings if the soil remains wet for a considerable period
of time after treatment. Seedling height increased only 50%
of the time on fine textured soils. He indicated that on “light
to medium loam" soils, the growth gains from fumigation with
chloropicrin could shorten the nursery phase by one year.

Recent Nursery Trials

For about two decades (1965—1985) there were few trials
with 100% chioropicrin in forest nurseries. Combinations
_ of methyl-bromide and chloropicrin were tested and these mix-

tures soon became the industry standard. Interest in chloropi-
crin has recently increased because the production of methyl-
bromide in the United States might cease after the year 2001.
Trials with 100% chloropicrin have been conducted in
Wisconsin (Enebak et al. 1990), Washington (Stevens 1997)
as well as in the southern United States (Carey 1994). The fol-
lowing provides some highlights of this research.

Since 1990, the Aubum University Southern Forest Nursery
Management Cooperative has conducted fumigation trials in
Georgia, Mississippi, South Carolina, Texas, and Virginia. Some
studies included chloropicrin at rates from 140 to 392 kg ha“.
Most of the chloropicrin treatments were applied without
polyethylene tarps. In no Cooperative study did chloropicrin
cause a significant reduction in either size or number of
seedl'mgs. [ncreases in number of seedlings produced dccurreds
in pathogen infested soil in Wisconsin, but thus far, no large
increases have occurred in southern nurseriés (Table 2). This
is possibly due to reduced disease pressure as a result of
prior fumigations (Last and Cole 1969).

Effects on Soil Pathogens and Nematodes

Overall. chloropicrin is a better fungicide than methy! bro-
mide. Some believe | kg of chloropicrin is as effective as 2
kg of methyl bromide (Tabie 3). This view is consistent with
results from a white pine (Pinus srobus L) study tn Wisconsin.
Chlocopicrin at 196 kg ha™! was as effective as methyl bro-
mide at 392 kg ha™' in reducing soilbome Fusarium, Rhizoctonia
and Pyraium (Enebak et al. 1990). Chloropicrin is also an effec-
tive nematicide (Stark 1948; Benzian 1963) and, on an equiv-

alent weight basis, is as effective on nematodes as methyl bro-
mide (Table 3). In one test, chloropicrin at 249 kg ha™!
reduced nematodes by 80% while methyl bromide at 430 kg
ha™! resulted in a 94% reduction (Harris 1991).

Effects on Weeds

Methyl bromide is more effective as a herbicide than
chloropicrin. In particular, methyl bromide is better for sup-
pressing yellow nutsedge (Cyperus esculentus) and purple
nutsedge (Cyperus rotundus). In general, it takes two and a half
times more chloropicrin to equal the weed control effective-
ness of methyl bromide (Table 3). This suggests that 1125 kg
ha™! of chloropicrin might be as effective as 450 kg ha™ of methyl
bromide (the cost of this amount of chloropicrin would
approach $8,800 ha™"). Although chloropicrin has some her-
bicidal activity (Harris 1991), it will likely not be used for weed
control in southern forest tree nurseries. Effective herbicides
are currently available for conifers, and if applied appropri-
ately, will be more cost effective than fumigation (McNabb

- etal. 1995).

Some managers of hardwood nurseries currently use on methyl
bromude for both weed control and disease suppression. If these
managers decide to fumigate with chloropicrin instead of
methyl bromide, they will need to increase their emphasis on
weed management. Some may decide to increase the use of
herbicides while other managers may choose to employ more
handweeding labor (South 1995).

Effects on Hardwoods

Several soil fumigation trials with chloropicrin increased
growth of pear (Pyrus spp.), apple (Malus spp.) and citrus (Cirrus
spp.) (Mai and Abawi 1978; Sewell et al. 1992). [n one
greenhouse test, chloropicrin (1.66 g 15 kg™' soil; roughly equiv-
alent to 220 kg ha™') increased growth of pear and apple .
seedlings in 14 out of 19 orchard soils (Koch et al. 1980).
However, stunting of hardwood seedlings can occur on nurs-
eries with fine textured soils. For example, on a clay soil chlorop:-
crin (581 kg ha™') reduced height growth of several hardwood
species (Pouwer and van Doesburg 1967). In England.
chioropicrin at 332 kg ha™ has been applied in the fall one momh
before sowing large-seeded hardwoods (Hipps et al. 1997). I

- the United States, several forest nursery managers havc

grown hardwoods after treating soil with a combination of
chioropicrin and 1,3-dichloropropene. At one nursery ir
Georgia, seedbeds treated with 80 kg ha~!. of chioropicrin (mixex
with 394 kg ha~! of 1,3-dichloropropene) produced plantabl:
seedlings of sycamore (Plaranus occidentalis) and swect
gum (Liguidambar styraciflua L.) (South 1977).

Effects on Mycorrhizae

The effects of chlocopicrin on ectomycorrhiza of white pir:
(Pinus strobus L.) were reported by Enebak and others (199¢
There was no evidence that chloropicrin applied under a tat
(196 kg ha™!) adversely affected mycorrhizal colonization.
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Table 2. Effects of chioropicrin fumigation on pine seedling production and size (relative tu untreated soil).

Rate Seedling

LLocation State Year kg ha™! Treatment date Sowing date numbers Seedling size
Boscobel Wi 1986 196 September 4 October 19 Increase Increase
Statesboro GA 1993 280 October 21 May 14 Same’ Same
Summerville SC 1993 280 March 18 April 14 Same Increase
Olympia WA 1993 224 July 30 May 3 Decrease Increase
New Kent VA 1994 3136 April 14 May 3 Same Increase
Winona MS 1994 378 April 27 May I8 Same Same’
Glennville GA 1996 392 February {6 April 10 Same Increase
Texas X 1996 392 March 23 April 16 Same Increase

fact, on one sampling date (13 August, 1987) seedlings from
the chloropicrin treatment had almost twice the mycorrhizal
colonization of seedlings growing in nonfumigated soil.

Ectomycorrhizal spores are wind- blown and remfestanon of

the soil may have occurred after fumigation.
Endomycorrhizal spores are soil-borne and typically are not
transported by winds. Therefore a reduction in mycorrhizal col-
onization might occur more frequently among endomycorthizal
species than in pines. In one greenhouse study, chlamy-
dospores of Glomus mosseae were added to soil prior to
fumigation (O’Bannon and Nemec 1978). Soil was treated in
sealed containers for four days. Eight months after treat-
ment, no viable chlamydospores were found in either chloropi-
crin (326 kg ha™') or methyl bromide (487 kg ha™!) treated soil.
However, the weight of sour orange seedlings (Citrus auran-
tium L.) grown in chloropicrin treated soii (7.9 g seedling™)
was as large as that from either the methyl bromide (5.9 g
seedling™') or nonfumigated soil (6.5 g seedling™). In contrast,

* a reduction in the percentage of mycorrhizal roots of rough lemon

(Citrus jambhiri L.) resulted in a reduction in leaf area (Weir
et al. 1980). Roots growing in chloropicrin treated soil (332
kg ha') were 60% infected with mycorrhizae and roots in
dazomet treated soil (400 kg ha™!) were 36% infected (roots
in nontreated soil were 96% infected). Foliar growth was
slightly stunted with chleropicrin (17% reduction in shoot weight)
and dazomet caused a 45% reduction.

Sewell et al. (1992) suggested the positive or negative
effects of chloropicrin depend on soil phosphorus content. When
soil phosphorus was low (< 20 ppm), the reduced incidence
of vesicular-arbuscular mycorrhiza negatively affected apple
seedling growth. However, after adding phosphorus to the soil,
the seedlings exhibited a positive response to chloropicrin fumi-
gation (even when mycorrhizal infection was reduced).

Hardwood seedbeds in the United States are often fumigated
with a mixture of methyl bromide and chloropicrin. In one study
in North Dakota (Riffle 1980), increasing the percentage of
chloropicrin in a mixture with methyl bromide did not reduce
endomycorrhizal development (when compared fo 98%
methyl bromide). Hardwood seedlings growing in-soil treat-
ed with either (1) 98% methyl bromide at 384 kg ha; or (2)
179 kg ha™! of chloropicrin plus 362 kg ha~! of methyt bro-
mide; had 80% of their root segments colonized with endomy-
corrhiza. Seedlings growing in donfumigated soil had 98%
endomycorrhizal root segments.

Effects on Trichoderma

Fungi in the genus Trichoderma are considered to be ben-
eficial for nursery seedlings (Mattis and Badanov 1973;
Kelley 1976: Duda and Sierota 1987: Huany and Kuhlman 1991).

Table 3. Relative amount of chemical required to control soil pests (Adapted
from Goring [1962] and Goring and Hamaker [1972).

-~ Fumigant Nematodes Fungi  Weedseed [nsects
Chloropicrin _ 4 5 1235 |
Methyl Bromide 4 10 5 {

1,3,-dichloropropene 3 30 20 1.5

Some Trichoderma species increase the speed of pine seed
germination (Dong et al. 1987). One benefit from chloropi-
crin fumigation is an increase in Trichoderma soon after
fumigation. This effect has been known for some time. [n Ireland,
the overall incidence of soil fungi was reduced with chloropi-
crin (320 kg ha™!) but Trichoderma was increased. Roots grow-
ing in chloropicrin treated soil had two to six times the
Trichoderma of those in untreated soil (Mcllwaine and
Malone 1976). In Belgium, fumigation with chioropicrin
(697 kg ha™!) resulted in a five-fold increase in Irichoderma
at a soil depth of 20 cm (Welvaert 1974). |

Assessments on the effect of soil fumigau'on on Trichoderma
populations have been made in several studies in southern pine
nurseries. [n general, fumigation with either chloropicrin, or
methyl bromide increases the population of Trichoderma
soon after furmnigation (Table 4). In some trials, fumigation with
chloropicrin doubled the population of Trichoderma. In con-
trast, treating with dazomet tended to reduce numbers of
Trichoderma. Similar findings were reported by Welvaert (1974).
Effects of Using a Polyethylene Tarp

Chloropicrin can be applied with or without a polyethylene
tarp. Before 1970, most applicators did not use a plastic tarp
although a few did (Brown 1985). The pesticide label suggests
a higher rate may be required when no tarp is used. However,

_ only a few trials in forest nurseries have exarnined the effects
of tarping (Carey 1994). Possibly due to a limited amount of

" disease pressure, there was no appreciable effect of tarping at
two southern pine nurseries. However, there was also no

need for a tarp when applying chloropicrin to control a bac-
terial wilt of tomatoes (Enfinger et al. 1979). Since 100% chloropi-
crin is applied as a liquid, the material remains in the soil longer
than nontarped methy! bromide. The additional cost of apply-
ing a tarp mightbe offset somewhat by a reduction in chem-
ical. For example, the cost of fumigation with a tarp might be
$3,600 ha™' (200 kg ha™!) while no tarp might cost $3,000 ha™!
(250 kg ha™"). Chloropicrin is often applied without a tarp to
soils for strawberries and other crops. For some crops, fumi-
gation with chloropicrin without a tarp has been as effective
in reducing root rot as methy! bromide applied under a tarp (Last
and Cole 1969).
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Table 4. Percentage change (increase or decrease) in Trichoderma populations (relative to nontreated soil) for chloropicrin (100%), methyl bfo-
mide and chlorepicrin (67%+33%) and dazomet.

State and year

GA'-93 SCt-93 GA-94 MS3-94 VA'-94 GA-96
Chloropicrin +211%* ~19%* +278* +67%* +64% +95%,
67% methyl bromide and ~ +268%* +55%* - +59%* -24% +108%*
33% chloropicrin.
Dazomet 1% -61%* - ~17% 83% NR -
Colonies per plate for (2.0 (30.5) 3.4) (6.4) (7.5) 6.1
untreated soil
Days after treatment 436 64 201 53 60 58

NR = treatment not replicated

1Georgia.

2South Carolina.

3Mississippi.

*Virginia.

“ = Statistically different from nontreated soil

Table 5. Theincrease in plantable seedlings required to equal the cost of soil fumigation.

% increase in

Additional % increase in
Seedling Fumigation seedlings needed conifer stand hardwood stand
value cost ha! ha! m- (1.5 million base) (0.5 million base)
$0.03 $3,600 120,000 (1®) 8% 24%
$0.06 $3,600 60,000 (M 4% 12%
$0.12 $3,600 30,000 (4.5) 2% 6%
$0.18 $3,600 20,600 (3) 1:3% 4%
$0.36 $3,600 10,000 (L.5) 0.7% 2%

Economics of Fumigation with Chloropicrin

The motivation for soil fumigation can be looked at from
either a financial or pathological perspective (van Assche 1974).
From a financial perspective, as crop value increases, the moti-
vation for soil fumigation increases. This helps explain why
chloropicrin is used more for the production of strawberries
than for either corn or soybeans. Likewise, the final decision
regarding fumigation will depend on whether seedlings are val-
ued at either $0.03 or $0.18 each. At many nurseries, only the
cost of production is considered. However, with some com-
panies, seedlings are assessed a higher value due to a consideration
of the net present value of the seedlings with respect to tim-
ber production. In other words, genetically improved stock (South
1987) and morphologically improved seedlings (South 1993)
have a higher net present value than unimproved seedlings. In
some situations, the net present value may be six times high-
er than the cost of production. Rarely are these values considered
when determining the benefit/cost ratio for soil fumigation.

Decision models can be developed to assist growers in
determining the economic threshold level for soil fumigation
(Bailey and Matyac 1989). An example (Table 5) illustrates how_
many additional seedlings need to be gained to justify an
investment of $3,600 ha™! (assuming a hectare of nonfumigated
seedbed will produce either 1.5 million conifer seedlings or 0.5
million hardwood seedlings). A gain of only 20,000 plantable
seedlings ha™ is needed when seedlings-are vatued at $0.18 each.
This would be about a 1.3% increase in seedling production for
pine seedbeds or a 4% increase for hardwoods.

Several nurseries have been permanently closed as a result
of soil-borne disease (Brown 1985; Juzwik et al. 1988).
When virulent soilborne pathogens are present, chemical
fumigation can sometimes double seedling production
(Sutherland and Adams 1965; Agnihotri 1971; Enebak et al.
1990). With this level of production increase, fumigation is

492

easily justified. Fumigation with chloropicrin in Wisconsin
increased crop value by at least $30,000/ha (assuming a
value of $0.15 plantable seedling™!). However, recently in south-
ern pine nurseries soilborne diseases have seldom been epi-
demic and therefore dramatic increases in seedling production
of the magnitude illustrated (Table 1) are now rare. Therefore,
soil is fumigated about once every four years. At these nurs-
eries, the cost of fumigation is spread over two (sometimes three)
seedling crops. The required increase in seedling production
(Table 5) need not occur just during the first year after treat-
ment. For example, at $0.06 per conifer seedling, furnigation

" could be justified if the crop production was increased by 3%

the first year and 1% the second year.

In order to maintain a good reputation, some nursery
managers will cite disease prevention as the motive for soil fumi-
gation. The use of chloropicrin might affect the number of dis-
ease free seedlings but may not affect the number of plantable
seedlings. For example, the number of “plantable” slash pine
seedlings was not increased by chloropicrin (Table 1) but the
number of “healthy” seedlings was doubled. If both diseased
and healthy seedlings are valued the same, then some might
say there was no need to fumigate. However, if two nurseries
are competing for seedling sales, the nursery that consistent-
ly produces disease free seedlings will have an advantage over
nurseries that produce plantable diseased seedlings once ot twice
a decade. The old philosephy of “here-are-the-seedlings, you
can either take them or leave them™ is no longer valid if.
healthy seedlings can be purchased from competing nurseries
that routinely practice soil fumigation.

In their economic analysis of soil fumigation, some pathol-
ogists do not include costs which can occur from reduced out-
planting survival. At some nurseries, diseased seedlings that
appear healthy will exhibit lower outplanting survival than healthy
seedlings (Saunders et al. 1992; Barnard et al. 1985; Bamard
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1994). However, in a totally integrated pest management
systern, nursery managers should strive to avoid producing asymp-
tomatic, diseased seedlings. This goal can be accomplished by
either prevention (e.g. judicious use of soil fumigation) or by
culling a large number of asymptomatic seedlings. One prob-
lem with culling asymptomatic diseased seedlings is that
healthy seedlings will also be discarded. To avoid a “threat”
of nursery-to-field carryover of a pathogen, some pathologists
do not recommend soil fumigation. Some suggest not sowing
pathogen infected seedbeds (Sutherland 1984) or skipping beds
with disease during lifting. However, the elimination of entire
seedbeds is not a desirable choice in years when the demand
for seedlings far exceeds the supply.

Conclusions
If production of methy! bromide ceases in the United
States, many managers of bare-root nurseries will need to adjust

their pest management programs. Those that adopt the prac-.

tice of furnigating with chloropicrin may experience an easy
transition since its suppression of pathogens and nematodes
appear to be similar to methyl bromide. Some managers may
select chloropicrin as their preferred fumigant due to the
residual “biocontrol effect”. This fumigant often increases soil
populations of Trichoderma which can remain elevated for sev-
eral months after fumigation. However, managers that have
been relying on methyl bromide for weed control may need
to sharpen their weed management skills. Some managers may
choose to increase the use of selective herbicides.
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cle réviews some recent results from both
AUSFNMC and Forest Service research
with emphasis on gconomic aspects.

Fumigation Studies
AUSFNMC has conducted a number
of soil fumigation studies since 1976. Tri-
als often show a difference between sta-
tistical significance and economic signifi-
cance. Many studies report a numerical
increase in “plantable” seedlings, but this
increase is sometimes not statistically sig-
nificant. Because of inherent variations in
the nursery bed, statistical significance
typically requires a 12 percent or greater
increase in plantable seedlings. But it only
takes a 4 percent increase in crop value
to pay for the cost of fumigation. There-
fore, a “real” increase of 4 percent in
crop value is ofteri not statistically signifi-
cant. Most nursery rhianagérs who
choose to fumigate do so based on eco-
nomic considerations instead of statistics.
Econoinic gains in the nursery are af-
fected by seedling quantity, which is de-
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termined by the number of plantable
seedlings per acre, and seedling quality,
which is determined by the number of
Grade 1 seedlings (root-collar diameter
4.8 mm or larger) produced per acre. For
loblolly and slash pine, an increase of one
plantable seedling (root-collar diameter
greater than or equal-to 3.2 mm) per
square foot can represent an increase in
crop value of about $1,015 per acre.
Therefore, fumigation costs can be justi-
fied by 1.5 more seedlings per square
foot. Although some Forest Service re-
searchers considered seedling quality and
quantity acceptable in all their nonfumi-
gated plots, a 1997 report from a three-
year Forest Service—funded study in
Florida shows that fumigation increased
crop value by 30 percent, 5 percent, and
8 percent, a gain of 4.7, 1.2, and 1.9
seedhngs per square foot for the first, sec-
ond, and third years of the study. Al-
though most nurseries in the South do
not fumigate the soil every year, the
Florida study illustrates why some nursery
managers choose to fumigate before
each crop. The average increase in crop
value at some nurseries can justify the
cost of annual fumigation, even though
the gains, for the second and thlrd year

séedlmg (a' plantable seedling with a root:

collar-diametet ‘of less than 4.8 mm),
Usirig this type of veconomlcs (the same: .

type used to Justxfy g

etic improvement),

an increase of just one Grade 1 seedling -
per square foot can increase the net

worth of a crop by $2;9‘OO’- per acre. F X

this reason, some nurseries set a goal of

producing 80 percent Grade 1 seedlings,

seedlings and miore qualxty seedlings (14

Grade 1 seedlings plus 5.4, Grade 2

seedlings pet square foot). Incre 1sing the
present value of Grade 1 seedhngs for ex-
pected growth makes the valte in control
plots and in fumigated plots, respectively,

gated plots produced more pléntable. ._

Wlldlife Scrences, Auburn University
FOCUS @ 5
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The Status of Methyl Bromide

Alternatlves

Methyl bromide’s reign as the gold
standard of soil fumigants
became tarnished as its ozone
depleting properties surfaced. In
2005, methyl bromide will be
lost to growers as a soil treat-
ment option, and other practices
and compounds must fill the
void. ARS and others have put
significant efforts into research-
ing various ways to fill the gap
that will be left when methyl
bromide is completely unavail- -
able. This report is a compila-
tion, or a status of sorts, of the
leading options available to
growers in the United States.

Before the methyl bromide
mandatory reductions began in
1999, U.S. agriculture used
about 60 million pounds of the
fumigant. Soil fumigation
accounted for 75 percent of the
methyl bromide used, with
about 11 percent ysed to
fumiga,te harvested commo-
dities during storage and import
or export. Another 6 percent of
methyl bromide was used to
fumigate structures such as food
processing plants, museums,
transport vehicles, and
warehouses. The last 8 percent
was used to produce other
chemicals.

1

While quarantine use is
currently exempted from the
upcoming ban, the Montreal
Protocol Technology and
Economic Assessment Panel
may reconsider the exemption.
In 1998, the latest year for

- which statistics are available,

the United States used
approximately 570,015 pounds
for quarantine purposes. In
exporting U.S. goods to other
countries, fumigation with
methyl bromide may be
required. Methyl bromide is
also used at U.S. ports-of-entry
to disinfest commodities found,
on inspection, to be infested
with nonindigenous pests, the
introduction of which may
irreparably harm U.S.
agriculture.

The primary focus for the U.S.
Department of Agriculture in
facing the loss of methyl bro-
mide is research, although
technology transfer and educa-
tion activities with the private
sector are also included. Addi-
tional funding has been given to
assist in the registration of
potential alternative fumigants.
The Agricultural Research
Service (ARS), which serves as
the lead agency in these activi-
ties, has established a national

U.S. Department of Aariculture
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‘program called Methyl Bromide
Alternatives which includes all
ARS research on this topic.
Information about the program
and the research being con-
ducted can be found at the web
site:
http://www.nps.ars.usda.gov.

ARS Research on Alternatives

Preplant Soil Fumigation

Research on preplant soil
fumigation consists of
investigations of alternatives
that use other chemicals,
biological controls, disease/pest
resistant plants, modified
cultural practices, and
integrated pest management
practices to control weeds,
‘pathogens, nematodes, and
‘damaging insects. Viable
methyl bromide alternatives are
difficult to identify compared to
replacements for other ozone
depleters because many factors
affect the efficacy: crop and soil
type, climate, and target pests. -
These factors change from one
geographical location to
another; therefore, it is
important to be aware that
technology developed in one
location is most successfully
used in the areas in which the
research was conducted. Two
chemicals, iodomethane
(methyl iodide) and propargyl
bromide, have shown promise
in field studies. Iodomethane
has an advantage over the
chemically similar methyl
bromide—it photodegrades
before reaching the
stratosphere, so it is not an
ozone-depleting substance., At

U.8. Department of Agriculture

this time, however, neither

iodomethane nor propargyl
bromide are registered as
pesticides and will have to go
through the process of
registration, which is costly and
time-consuming, befote they are
available to producers. Also,
restriction$ on use may be
implemented due to concerns
about its environmental fate
since many of the growing
regions are close to schools and
residences.

Because the bulk of preplant
methyl bromide, nearly 80
percent, is used on strawberries,
tomatoes, ornamentals, peppers,
and nursery crops, ARS’ pri-
mary research focus has been
on these crops with special
emphasis on tomatoes in Florida
and strawberries in California as
model crops. Additional re-
search has addressed replant
difficulties often associated
with perennial crops such as
grapes, apples, and peaches.

ARS’ strategy for evaluating.
potential alternatives is to first
test the approaches in controlled
experiments to determine
efficacy and follow up- with
field tests of those determined
to be effective. The impact of
the variablé€s that affect efficacy
is addressed by conducting field
trials at multiple locations with
different crops and against
various diseases and pests.
Those alternatives that are
effective in field trials are
further tested in field-scale
validations, often by growers in
their own fields. Research
teams that include ARS and

2
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university scientists, extension
personnel, and grower represen-
tatives meet periodically to
evaluate research results and
plan future trials.

Vegetable Crops

In the United States, tomato
crop production uses 24 percent
of preplant methyl bromide,
more than any other crop.
Peppers account for 12 percent.
Methyl bromide is used for
preplant fumigation of soil in
both nurseries and fields before
transplanting. Target pests
include soil-borne pathogens,
particularly Fusarium oxy-
sporum, Phythium spp., and

.- Phytophthora spp.; nematodes,

especially root knot nematodes
(Meloidogyne spp.); and weeds
such as purslanes, spurges, and

nutsedges.

The most promising fumigant
alternatives for control of
nematodes, pathogens, and
weeds are a combination of
metam-sodium plus chloropi-
crin, Telone (1,3-dichloro-
propene, or 1,3-D) C-17 (83
percent 1,3-D and 17 percent
chloropicrin), Telone C-35 (65
percent 1,3-D and 35 percent
chloropicrin), propargyl bro-
mide, pebulate (Tillam) plus
Telone C-17, and iodomethane
(methyl iodide), according to
research results in 2000 from
Dr. Joseph Noling, an extension
nematologist with the Univer-
sity of Florida’s Institute of
Food and Agricultural Sciences
at Lake Alfred, Florida.
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According to a 1997 U.S. EPA
study, metam-sodium and
plastic mulch controlled all
weeds tested in the southeastern
United States except nutsedge,
the most bothersome weed in
horticultural crops. Noling
reports that metam-sodium
displays erratic control, with
excellent control in some
studies and very little in others.
Although this variability is
attributed to differences in
. application, it still presents a
major shortcoming. The use of
paper mulch, a cultural ap-
proach, is also being studied for
nutsedge control. Preliminary
small-scale tests have demon-
strated good nutsedge suppres-
sion, and this approach also
eliminates the need for polyeth-
‘' ylene mulch. Although this
‘research has just been started, it
reflects that long-term, more
-sustainable approaches are
being studied in addition to
short-term, chemical alterna-
tives.

‘While biological controls show
promise for control of patho-
gens and weeds in vegetable
nurseries and production fields,
effective control may require
several years of continuous
treatment. Another possible
“biological control is competitive
displacement of pathogenic
organisms in soil through the
use of nonpathogenic organisms
and soil amendments. In an-
other approach, Nancy Kokalis-
Burrelle at USDA’s U.S. Horti-
, cultural Research Laboratory at
Fort Pierce, Florida, uses plant
growth promoting rhizobacteria
(PGPR) that have enhanced the

growth of tomato and pepper
transplants and increased
tomato yields. Incidence of
Fusarium was decreased in this
study in some PGPR plots.
Studies conducted by C. Dou-
glas Boyette at USDA’s South-
ern Weed Science Research
Unit at Stoneville, Mississippi,
indicate that a fungal pathogen,
Myurothecium verrucaria,
shows promise for controlling
weeds in pepper and tomato
plots without affecting the
transplants. Additional biologi-
cal control agents that are under
development include Dactylaria
higginsii, which, after having
been shown to be extremely
effective in controlling purple

. nutsedge in small-scale field

trials, is now under evaluation
by Erin Rosskopf in large-scale
plots through a cooperative
research project between USDA
and the University of Florida.
Rosskopf, a research microbi-
ologist at USDA’s U.S. Horti-
cultural Research Laboratory in
Fort Pierce, Florida, is also
developing a biological control
agent, Phomopsis amaran-
thicola, for use in vegetables
and ornamentals, This fungal
plant pathogen significantly
affects the growth of pigweeds
(Amaranthus spp.) and-has been
field-tested in small-scale trials
over several seasons.

Cultural controls, another
nonchemical approach, show
promise and are under continual
testing. A period of several
years is necessary for this
approach to work at an optimal
level since pest population
levels are reduced each succes-
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sive year. Bell and chili peppers
that demonstrate high levels of
resistance to root-knot nema-
todes have been developed and
commercially released. Crop
rotation has reduced nematode
populations in pepper fields,
resulting in increased yield. Soil
solarization, though it works
well on occasion, has performed
inconsistently. Water quality
issues have limited the practice
of flooding fields to kill pests in
regions that have a high water
table, such as some parts of
Florida.

. Strawberries

Producers of strawberries are
the second largest preplant users.
of methyl bromide in the United
States, targeting pests such as
soil-borne pathogens, nema-
todes, and weeds. Soil-borne
pathogens of particular note are
Phytophthora, Phythium,
Rhizoctonia, and Verticillium
dahliae. Methyl bromide is used
for preplant treatment of soil in
nurseries and in production
fields before transplanting
strawberries. In the nursery
industry, the use of methyl
bromide is critical because
healthy, vigorous plants provide
growers with a fighting chance
to control disease problems in
the field.

In the field of nonchemical
approaches, several PGPR
strains seem to enhance the .
growth of strawberries and are
being further tested in field
studies. While resistance to
fungal pathogens is under

U.S. Department of Agricuiture
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'evaluation, only low levels of
resistance have been identified.
Soil solarization, in limited field
trials in Florida, has shown
yields that are comparable to

" those of methyl bromide treated
plots, although unpredictable
weather events will limit its
usefulness. In California, where
most commercial strawberries
are grown, soil solarization is
not an option due to a lack of
solar radiation and low tempera-
tures. '

Thomas Trout of ARS’ Water
Management Research Labora-
tory in Parlier, California, and
Hussein Ajwa (formerly of the
‘Water Management Research
Laboratory, now with Univer-
sity of California-Davis) found
i that various mixtures of 1,3-D/
-chloropicrin resulted in yields
comparable to methyl bromide
fumigation. Continuing studies
are being conducted to deter-
mine minimum effective rates,
optimum application conditions,
. and the impact of virtually
impermeable film on efficacy
and rate of application. Ajwa
and Trout, in conjunction with
the California Strawberry
Commission, conducted 4 years
of field trials in growers’ fields
to test and demonstrate the most
likely effective alternatives to
methyl bromide fumigation for
preplant soil treatment for
strawberries. Nearly all Califor-
nia strawberries are grown with
preplant fumigation with methyl
bromide/chloropicrin mixtures,
~ which typically doubles market-
able yield. Mixtures of 1,3-D
and chloropicrin and chloropi-
crin alone, in Ajwa and Trout’s

U.S. Department of Agriculture

research plots in 2000, seem to
give good response with slightly
smaller yields (5 to 15 percent)
compared to those with methyl
bromide. These chemical
alternatives have disadyantages
that include greater weed
problems;-especially with
chloropicrin alone; longer
waiting times before planting;
and regulatory limitations on
use. Drip application, according
to current studies, may reduce
emissions and worker risk.
Although fungicides, such as
metalazyl (Ridomil) and
fosetyl-aluminum (Aliette),
slowly reduce a portion of the
fungal spectrum encountered in
fields over a period of years, the
lack of control of other patho-
gens does not support this
approach. It appears that in the
near future, alternative chemical
fumigants are the only technol-
ogy likely to replace methyl
bromide for control of soil-
borne pathogens in strawberry
nurseries and production fields.

Grapes, Fruit Trees, and Nut
Trees :

Methyl bromide has been used
for fumigating soil before
planting or replanting to kill
pathogens and plant parasitic
nematodes-ih the soil. Methyl
bromide is capable of destroy-
ing most life stages of soil-
dwelling organisms as well as
the roots of old trees and vines.
Without fumigation, roots are
likely to remain present for at
least 3 years after tree removal.
These woody roots provide a
food source for a variety of soil-
bome nematodes, insects, and
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plant pathogens. Viruses,
bacteria, and other microorgan-
isms, like fungi, will remain in
the soil for as long as the food

source is available.

Developing alternatives to
methyl bromide for replant of
vineyards, as well as fruit and
nut trees, is particularly chal-
lenging because the results of
these studies can only be ascer-
tained over a period of years.
Scientists have not been able to
isolate pathogens that consis-
tently cause replant disorder.
Various species of nematodes
are present in the soils, such as
ring nematodes in sandy soils
and pin nematodes in sandy-
loam soils. In some instances of
replant disorder, small roots are
evident but no obvious patho-
gens are present.

A number of nonchemical
approaches are being explored,
including biocontrol and growth
enhancement agents. Results of
these studies are several years
away. A number of cultural
control methods appear promis-
ing. Some field studies have
been set.up to determine-
whether fallowing for several
months to several years and the
use of cover crops may alleviate
replant disorder. The use of
some wheat cultivars as a cover
crop seems to reduce levels of
pathogenic microbes in apple
orchards, according to Mark
Mazzola, a plant pathologist in
ARS’ Tree Fruit Research
Laboratory in Wenatchee,
Washington, and Yu Huan Gu,
formerly of the Tree Fruit
Research Laboratory, in studies
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conducted in 2000. Under
certain conditions, preplant soil
solarization also appears to be a
viable alternative for control of
the ring nematode (Criconella
xenoplax) in orchards. Alter-
ations in cultural practices, such
as soil excavation in the fall
prior to planting and subsequent
exposure of this soil to freeze/
thaw cycling during the winter,
or establishing new plants in the
old aisle rather than the old row,
-appear effective in reducing
replant problems.

Another viable alternative to
methyl bromide for some trees
seems to be host-plant resis-
tance; for example, “Deep
Purple” rootstock for fruit and
nut trees appears resistant to
pathogens in orchards. How-
ever, graft compatibility deter-

' minations require waiting for
symptoms to appear, which can
take years. “Guardian” root-
stock demonstrates exceptional
resistance to peach tree short
life induced, in part, by the ring
nematode and may prove to be a
viable alternative to preplant
methyl bromide fumigation for
nematode control.

At ARS’ Water Management
Research Laboratory in Parlier,
California, Cynthia Eayre is
investigating chemical controls.
Preliminary results from 2 years
of data, reported in 2000, show
that iodomethane effectively
controls peach replant disorder.
Combinations of resistant
rootstock and either 1,3-D or
metam-sodium also appear to be
possible alternatives for methyl
bromide for control of peach

replant disorder. Fungicides to
control soil-borne pathogens
have been used unsuccessfully.

Sally Schneider, also of ARS’
Water Management Research
Laboratory, treated a 65-year-
old vineyard that was infested
with significant plant parasitic
nematode populations with
drip-applied Telone I EC and
shank-applied iodomethane.
The field was then replanted
with three grape rootstocks that
demonstrated broad resistance
to most nematodes in grape
production areas. Three years

. after planting, the Harmony

rootstock supports minimal
populations of the root knot
nematode, even in untreated
plots, but supports higher
populations of the citrus nema-
todes than either Thompson
Seedless or Teleki SC. Iodo-
methane and Telone/Vapam
combinations appeared to act as
adequate replacements during
the 3-year evaluation.

Postharvest Research

Developing alternatives for
controlling pests of stored and
exported commodities is the
realm of postharvest research.
Many commodities cannot be
exported legally without methyl
bromide treatment to eradicate
quarantine pests and certify the
commodities pest free. Alterna-
tive fumigants, heat and cold
treatments, modified atmo-
spheres, and combinations of
treatments are various research
approaches being explored.

Methyl bromide alternatives

Dried Fruits and Nuts

Low-temperature (10 °C)
storage and controlled-atmo-
sphere (5 percent O,) storage
were found to effectively
control pests of dried fruits and
nuts.

FresI; Fruits

In a number of crops, including
citrus and papaya exported from
Hawaii and other places and
limes imported into Florida, the
use of forced hot air for quaran-
tine treatment of fresh fruits has
been commercialized. Hot water
immersion for quarantine
treatment has been commercial-
ized for litchi exported from
Hawaii and guavas expotted
from Florida. Conversely, cold
treatments are used commer-
cially for avocado and starfruit
exported from Hawaii. Large-
scale tests have shown irradia-
tion to be effective for disinfes-
tation of sweetpotato weevils in
sweetpotatoes exported from
Florida, Malaysian and other
fruit flies in fruits exported
from Hawaii, and maggots in
blueberries exported from
Florida. Field-study results are
used to establish and maintain
pest-free zones in lieu of
postharvest treatments for fruit
flies in citrus exported from
Texas. Approximately two-
thirds of the fruit, in most years,
can be harvested under the
requirements of a pest-free zone
so that methyl bromide treat-
ment is not required.

U.8. Department of Agriculture
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Processing Facilities and
Warehouses

Methyl bromide is used by
many food companies to fumi-
gate processing facilities and
storage areas to rid these areas
of insect pests. A proven alter-
native treatment is raising the
temperature of the facilities to
near 50 °C for 2 to 3 days. Also,
a combination of heat and
diatomaceous earth seems
particularly effective in areas
that may be difficult to heat.

Emissions Reductions

A methyl bromide recapture
and recycling system was
designed by ARS and commer-
cialized, and is now in opera-

. tion at the Dallas-Fort Worth
International Airport. The pilot
recapture system vastly reduced
the amount of methyl bromide
released to the atmosphere—93
to 96 percent of recoverable
methyl bromide is captured by
the carbon in field tests.

Conclusions

Currently registered alternative
fumigants such as metam-
sodium, chloropicrin, and 1,3-D
seem likely to be the most
reliable replacements. However,
it is probable that the replace-
ments will not be as reliable as

- methyl bromide in all cases.
These alternatives were once
the standard chemicals used but
in many cases were replaced by
methyl bromide.

" For preplant purposes, biologi-

cal control and host-plant
resistance may demonstrate

U.S. Department of Agriculture

effectiveness in some cases in
the future. Much of the research
on these approaches is still to be
conducted, and it is unlikely that
economic use of these alterna-
tives will be available for many
uses before the 2005 phase-out
has occurred. Due to the mul-
tiple combinations of crop, pest
or pathogen, environmental
conditions, weed species, soil
type, etc., combinations of
approaches will be necessary to
effectively manage diseases and
pests. :

For postharvest and export uses,
several nonchemical ap-
proaches, such as heat/cold
treatments and modified atmo-

_ spheres, demonstrate some

possibilities as methyl bromide
alternatives. A methyl bromide
recapture system has been
developed and is in use at one
airport in Texas. ‘

Research is only one cog in the
machinery to bring reliable,
effective, and economical
methyl bromide alternatives to
farmers and other users of
methyl bromide. A critical role
must be filled by the chemical
industry: registering and mar-
keting any promising unregis-
tered alternatives. It is currently
uncertain if there is adequate
financial incentive for the
chemical industry to bring new
products to market in light of
the minor-use nature of methyl
bromide. Users of methyl
bromide will ultimately make
decisions, based on several
factors including economic
considerations, as to whether to

6

.

Methyl bromide alternatives

utilize any alternative technolo-
gies that become available,

Plantpro 45 as a
Control of Soil-Borne
Pathogens, Weeds,
Nematodes, and
Seed-Borne Pathogens

Plantpro 45, a low-risk iodine-
based compound, was studied
by Nancy Kokalis-Burelle to
ascertain its usefulness for soil-
borne pathogen and weed

- control. The results are some-

what mixed. Two years of
greenhouse and field trials have
shown that Plantpro 45 has
some potential for control of

root-knot and sting nematodes, |

some soil-borne fungal and
bacterial pathogens, seed-borne
fungal pathogens, and economi-
cally important weed species.

“Plantpro 45 works by disrupt-
ing membranes in organisms.
When compounds are in contact
with nematodes and eggs in the
lab you get good toxicity, but in
the soil the effect is lessened,”
says Burelle. “Soil is a very
complex medium and water
doesn’t move through the soil
as expected, and results vary
from trial to trial.”

Nematode Control

Plantpro 45 showed some
reduction of root-knot nema-
tode damage on tomato at
multiple field locations in
Florida. However, Burelle
found it didn’t perform as well
as methyl bromide.
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Abstract

Field studies were conducted to evaluate potential methyl bromide alternatives against multiple pests in a bell pepper (Capsicum
annum L.) - squash (Cucurbita pepo L.) cropping sequence. Early in the growing season, the most effective treatments in suppressing
purple nutsedge (Cyperus rotundus L) emergence through the polyethylene mulch were methyl bromide, methyl iodide, and
chisel-injected 1,3-dichloropropene plus chloropicrin [1,3-D + C35 (chisel)]. However by the end of the season in 1999, only methyl
bromide treatment had less purple nutsedge emerging through the polyethylene than the nontreated control. Each soil-applied
treatment resulted in nematode-susceptible pepper plants with lower root-gall indices [Meloidogyne spp. (root knot nematode)] than
the nontreated control, while there were no differences among treatments with the nematode-resistant pepper cultivar. Total fungi
isolated from soil was lower in all treated plots relative to the nontreated control, with the exception of methyl jodide. However,

~ methyl bromide was the only treatment that was consistently effective against Pythium spp. and Fusarium spp. A treatment of metham
prior to planting squash was beneficial in reducing root-gall indices in plots treated with 1,3-D + C35 (chisel) and methyl bromide
‘prior to the pepper crop. Methyl bromide, methyl iodide, and 1,3-D + C35 (chisel) applied before pepper resulted in squash with lower
root-gall indices than the nontreated control. Glyphosate applied between the first and second crop eliminated exposed weed foliage
through the polyethylene mulch, possibly muting the effects of the second crop treatment on weed densities. Results of this study
indicate that there are some potential methyl bromide alternatives available to growers for use in pest control, however there does not
appear to be one broad-spectrum pesticide that will replace methyl bromide. Also, an effective control for nutsedge species within the
pepper-squash cropping system is still elusive. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Cyperﬁs rotundus; Fusarium spp; 'Meloidogyne incognita; Methyl bromide; Pythium spp; Metham;_ Methy! iodide; ],3-‘dicﬁ]oropropene

1. Introduction

Methyl bromide is an effective soil fumigant used ex- =
tensively prior to planting many vegetable and fruit crops -~

to control a broad-spectrum of pests that include
nematodes, soilborne plant ‘pathogenic fungi, soilborne
insects, and weeds. Methyl bromide has been used since
the 1950s to eliminate pest problems in many minor-use
crops. Many of these crops have a limited number of
pesticide alternatives due to the high cost associated with
the registration of a pesticide. This high cost coupled
with the relatively low numbers of hectares of these crops

* Corresponding author. Tel.: +'1-229-386-3363; fax: + 1-229-386-
3437. :

E-mail address: twebster@tifton.cpes.peachnet.edu (T.M. Webster).

makes most pesticide manufacturers reluctant to register
pesticides for minor-use crops. While this has been an
important issue surrounding minor-use crops, it has been
tempered by the availability of methyl bromide and its
biocide activities. However, methyl bromide was listed as
a Class I ozone depleting substance by the US Environ-
mental Protection Agency in 1993 and its use is scheduled
to be halted by the year 2005. While-methyl bromide is used
for post-harvest pest control of stored products and for pest
control of buildings and other structures, it is estimated that
85% of methyl bromide is used in agriculture as a preplant
soil fumigant for high value vegetable and agronomic crops
(Julian et al., 1998). With the impending elimination of this
valuable compound, growers will need viable alternatives to
manage a wide range of pests,

Previous research has identified several potential pest
management alternatives for methyl bromide in various

NAEA AVDAINIC  nnn Funat amnnttar A N1 Tleaviar Qrisnca Ttd ANl riohte reserved.
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Table 1
Main and subplot treatments applied to pepper and squash crops

Application method

Rate Date applied

Main plot (first crop treatmenis)®
Fenamiphos + metham Broadcast to soil surface® +
chemigated through drip tape®
Methyl bromide Fumigated
Methy! iodide Chemigated through drip tape*®
1,3-dichloropropene (1,3-D) Chemigated through drip tape®
1,3-dichloropropene + chloropicrin ~ Chisel injected
[1,3-D + C35 (chisel)]
1,3-dichloropropene + chloropicrin
[1,3-D + C35 (drip)]
Nontreated control —

Chemigated through drip tape*

Sub-plot (second crop treaiments)® )
Metham Chemigated through drip tape®
Nontreated control —

6.7kgai/ha + 240kg ai/ha 30 March 1998; 31 March 1999

440kg ai/ha 13 April 1998; 30 March 1999
440kg ai/ha 13 April 1998; 1 April 1999
136kg aitha i 13 April 1998

146 kg ai/ha + 83 kg ai/h 13 April 1998; 30 March 1999

146 kg ai/ha + 83 kg ai/ha 13 April 1998; 31 March 1999

240kg ai/ha

21 July 1998; 26 July 1999

*Main plots were 3.6m x 7.6m and treatments applied prior to pepper crop.

®Granular fenampiphos was applied to the soil surface and shallowly incorporated. ) . .

*Plots were chemigated for 60min using a pump that delivered 126 ml/min. Water was added to each treatment to a total volume of 7500 ml.
Following each 60 min treatment application, the lines were flushed with water for 30min into the treated plots prior to application of the next
treatment. This system was equipped with pressure regulators that maintained a consistent 83kPa through the irrigation tubing.

4Sub-plots were 1.8 m x 7.6m, each main plot treatment was divided to receive subplot treatments that were applied prior to squash crop.

section), and nematode-resistant and nematode-suscep-
' tible bell pepper cultivar were the sub-subplots (Table 1).
‘Main plots were 3.6 m wide and 7.6 m long and consisted
of two subplots each 1.8m wide and 7.6m long. The
subplots were planted to two rows of bell pepper, one of
each cultivar, which constituted the sub-subplot.

To allow for aeration prior to crop transplanting, two
rows of holes 8 cm in diameter and spaced 30cm apart
were cut into the polyethylene mulch of each bed at 10
‘and 14 days after the methyl bromide treatment in 1998
and 1999, respectively. Five days after holes were cut in

the polyethylene, a single greenhouse-grown pepper

plant was planted in each hole with one row of
M. incongnita-resistant ‘Charleston Belle’ and one row of
M. incognita-susceptible ‘Camelot’ pepper per bed on 27
April' 1998 and 16 April 1999.

All pepper plots were sprayed on a 7-10-day schedule -

with 2kg ai/ha maneb (Manex, Griffin LLC, Valdosta,
GA 31601) and 1.3kg ai/ha copper hydroxide (Kotide,
Griffin LLC, Valdosta, GA 31601) in a water volume of
1871/ha for foliar disease control. All plots received liquid
fertilizer injected through the drip irrigation system once
a week for a total of 130kg/ha of nitrogen, 48 kg/ha of
P,0;, 27kg/ha K, 0, and 1kg/ha boron.

Twenty soil cores (2.5cm-diameter, 25 cm-depth) for
nematode assay were collected from each row of pepper
at monthly intervals from March through July in 1998
and April through July in 1999. The samples from each
row within a plot were pooled and a 150cm? subsample
was processed by centrifugal flotation method to separ-

ate nematodes from the soil (Jenkins, 1964). A 100cm>
subsample was assayed for populations of Pythium spp.
(PsARP media) (Jeffers and Martin, 1986), Fusarium
solani (Mart.) Sacc. and Fusarium oxysporum Schlech-
tenol.:Fr. (modified PCNB) (Papavizas; 1967), 4spergillus
spp., Trichoderma spp., Penicillium spp., and Paecilomy-

“ces spp. (OAES media) (Williams and Schmitthenner,

1960). Roots of five pepper plants from each plot
were dug, washed in tap water, blotted dry with paper
towels, and rated for root galls caused by M. incognita
after final harvest. A scale ranging from 1 to 5 was used
where 1 =0%, 2=1% to 25%, 3 =26% to 50%,
4 =51% to 75%, 5 = 76% to 100% of the root system
with galls. _

“The total number of living plants per plot was re-
corded in May of each year. Some plants began-to show
symptoms of wilting even in the presence of adequate soil
moisture 4-6 weeks after planting in 1998. The number of
wilted and healthy plants was recorded on 10 June 1998
and 10 July 1998. o

All fruit were hand-harvested, separated into market-
able and cull, counted, and weighed in late June and early
July. After the final harvest, all weeds growing in the hole
in the polyethylene where the bell peppers or squash
plants were planted and those penetrating through the
polyethylene mulch were identified and counted. Due to
the diversity of weeds that emerged through the crop
holes, weeds were divided into two categories: purple
nutsedge and other weeds. The other weeds included
bermudagrass [Cynodon dactylon (L) Pers.], cutleaf
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Table 2
The effect of soil treatment and crop cultivar on pest populations in pepper in 1998*

Root-gall index® Weed densities

Through polyethylene Through crop hole
Treatment ‘Camelot’ *Charleston Belle’ Purple nutsedge® Purple nutsedge Other weeds?
no. per plot
1,3-D (drip) 1.13b 106 a 23 ab 5ab 40 a
1,3-D + C35 (chisel) 113 b 100 a 2b - ~ lab 3c
1,3-D + C35 (drip) 1.19b . 1.19 a 40 ab 8 ab 36a
Methyl bromide 131b 1.13 a 0b 0b _ 3¢
Methyl iodide 1.50 b 1.19a 12 ab 1 ab 16b
Nontreated control 231a 1.06 a 64 a . 10a - 45 a

*Treatment means were separated using Duncan’s multiple range test (P = 0.05). Differences among treatments with the same letter within a column
couid not be detected.

"Melaidogyne incognita (southern root knot nematode) root-gall index was rated on a scale of 1-5 (1 = 0%, 2 = 1% to 25%, 3 = 26% to 50%,

=51% to 75%, 5 = 76% to 100% roots galled at the conclusion of the season).

cPurple nutsedge (Cyperus rotundus L.).

40ther weeds included bermudagrass [Cynodon dactylon (L.) Pers.], cutleafevenmg primrose (Oenothera laciniata’ Hill), Florida beggarweed
[Desmodium tortuosum (Sw.) DC.], goosegrass [Eleusine indica (L.) Gaertn.], pink purslane (Portulaca pilosa L), redroot pigweed (Amaranthus
retroflexus L.), smallflower morningglory [Jaquemomm tamnifolia (L.) Griseb.], and Texas panicum (Panicum texanum Buckl.).

Table 3
The effect of soil applied treatments on nematode populations and incidence of root galling in pepper in 1999°
Meloidogyne incognita® Paratrichodorous minor Helicotylenchus dihystéra Root-gall index®
" Treatment ‘Camelot’  ‘Charleston ‘Camelot’ ‘Charleston ‘Camelot”  ‘Charleston ‘Camelot’ ‘Charleston
Belle’ Belle’ Belle' Belle’
‘ no. per 150cm? of soil
1,3-D + C35 (chisel) 9b - 4b 74 ab 45 ab 0b - 0b 10¢ 10
1,3-D + C35 (drip) 108 b 15b 40 b—d 51 ab 0b 3b 13b 1.0
Fenamiphos 219 b 4b 53 be 71a 4b . 9ab 130 : 1.0
+ metham B . ,

Methyl bromide 5b 54 ab 100 a 49 ab 0b 3b 10¢ 1.0
Methyl iodide 4b 3b 33cd 34 ab . 0b 0Ob 10¢ 1.0
Nontreated contro] 960 a 109 a 104 29b . 38a 23a 1.7a 1.0

*Treatment means were separated using Duncan’s multiple rangé test (P = 0.05). Differences among treatments with the same letter within a column
could not be detected.
®Meloidogyne incognita (southern root knot nematode), Paratrichadorous minor(stubby root nematode), Helicotylenchus dihystera (spiral nematode).

Meloidogyne incognita root-gall index was rated on a scale of 1-5 (1 = 0%, 2= 1% t0 25%, 3 = 26% to 50%,4 = 51% to 75%, 5 = 76% to 100%

roots galled at the conclusion of the season).

purple nutsedge emergence through the polyethylene
mulch in the early season of 1999 (Fig. 1). However,
methyl iodide and 1,3-D + C35 (chisel) only suppressed
purple nutsedge emergence and growth early in the sea-
som; by the conclusion of the season in 1999, only methyl
bromide had lower purple nutsedge shoot densities than
the nontreated control. These results indicate that in
terms of nutsedge control, an effective replacement for
methyl bromide has not yet been identified. However,
some of these treatments may be a component of a future
nutsedge management system.

“~

Weeds also emerged through the holes in the polyethy-
lene cut for the crop transplants. Compared to the
nontreated control, only methyl bromide reduced the
number of purple nutsedge that emerged through the
crop holes (Table 2). Other weeds were suppressed, rela-
tive to the nontreated control, by methyl bromide,
methyl iodide and 1,3-D + C35 (chisel) in 1998 (Table 2)
and by all treatments in 1999 (data not shown). The
number of weeds emerging through the crop holes in the
polyethylene was 55 and 20 plants in the nontreated plots
in 1998 and 1999, respectively. However, the total area of
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Table 5

The effect of soil applied treatments on fungal populations in pepper®

Treatment Pythium spp. Fusarium solani Total Fusarium Trichoderma spp. Penicillium Total fungi
Spp. (< 1000) spp. + Paecilomyces  (x 1000)
spp. ( x 1000)
CFu®
1,3-D + C35 29 cd 420 b : 760 be 75.1 a 0d 935¢
(chisel)
1,3-D +C35 109 ab 370 b 880 b 715 a 0d 1114 b
(drip)
Fenamiphos 63 be 1750 b 2450 a 53b 8.2 be 66.4 ¢
+ metham
Methyl bromide 1d 20¢ 120 ¢ i5b 44c 3634d
Methyl iodide 257 a 8610 a 9970 a 223 a 25.7 ab 213.7 a
Nontreated 237 ab 970 ab 2400 a 242 a 76.7 a 3049 a
control

*Treatment means were separated using Duncan’s multiple range test (P = 0.05). Differences among treatments with the same letter within a column

could not be detected.
®Number of colony forming units (CFU) per gram of oven-dry soil.

145

T 1.3-DAC35 (chisel)

PZRE 13-DvC3S (drip)

12 | WM Fecamiphos+ metham

SoE Methyl bromide

| . Methyl fodide

10 | IMME Nontreated control
B

Bell pepper yield (kg/plo)

Bell pepper variety

Fig. 2. The effect of soil treatment on pepper yield for both Meloidogyne
incognita-resistant and M. incognita-susceptible pepper varieties in
1999. Treatment means were separated using Fisher’s Protected LSD at
an alpha level of 0.05; lower case letters were used to differentiate
treatments in M. incognita-resistant pepper, while: capital letters were
used to separate treatment means in M. incognila-susceptible pepper.

e

3.2. Squash

Relative to all other treatments, a higher population of
M. incognita was detected following the first crop treat-
ment of 1,3-D + C35 (chisel) in ‘Camelot’ pepper that
were left nontreated prior to the squash crop in 1998
(Table 6). Differences in M. incognita populations could
not be detected among all other treatments and the
nontreated control for the first crop followed by non-
treated control for the second crop in 1998. There were
significant differences in number of M. incognita re-
covered from soil among first crop soil treatments in

1999 (Table 7). Treatments of methyl bromide, 1,3-
D + C35 (chisel), and fenamiphos + metham applied
prior to the first crop resulted in lower M. incognita
populations than in the nontreated control. There was
a significant second crop treatment by pepper cultivar
interaction in 1999, which indicated that a treatment of
metham applied through the irrigation tubing following
the susceptible cultivar of pepper (‘Camelot’) had lower
M. incognita soil populations than did the same cultivar
that did not have any application for the control of
nematodes prior to the second crop. In plots that had
resistant pepper cultivar as the first crop, there were no

differences in M. incognita soil populations between sec-

ond crop treatments of metham and nontreated plots
(Table 7). Previous research indicated that cucumber
following nematode-resistant tomato had lower soil
populations of M. incognita than those following
nematode-susceptible tomato (Hanna et al, 1994).
Clearly pest resistant cultivars, where possible, should be
otre component of a methyl bromide alternative system.

Root-gall indices of squash in 1998 indicated no differ-
ences among first crop or second crop treatments when
squash was planted following the nematode-resistant
pepper cuiltivar (‘Charleston Belle’) (Table 6). However,
there were differences among treatments following the
nematode-susceptible cultivar (‘Camelot’) in 1998.

.Squash in plots that were treated with methyl bromide

(first crop) followed by a nontreated control (second
crop)- or 1,3-D + C35 (chisel) (first crop) followed by
nontreated control (second crop) both had higher root-
gall indices than the nontreated control for the first crop
followed by nontreated control for the second crop treat-
ment. However, when an application of metham was
applied through the drip irrigation tubing prior to the

R
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plots (Table 7). All other treatments were not different
from the nontreated control. Differences in plant vigor
could not be detected among second crop treatments nor
related to the cultivar of the previous pepper crop. High-
er plant vigor ratings from the methyl bromide treatment
resulted in higher squash yields relative to all other
treatments in 1999 (Table 7). The nontreated control was
similar in yield to all other nonmethyl bromide treat-
ments. Differences in crop yield in 1998 among treat-
ments could not be detected (data not shown)
Approximately 74% of the harvested fruit were market-
able from the methyl bromide and methyl iodide plots in
1999, but this was not different from the nontreated
control (Table 7). These values were higher than those
from plots treated with 1,3-D + C35 (drip) and
fenamiphos + metham. Second crop treatments did not
have any detectable effect on plant vigor rating, fruit
weight, or the percent of marketable fruit (Table 7).
Nutsedges were identified as the most troublesome
weeds of vegetable crops in Georgia (Webster and Mac-
Donald, unpublished). While purple nutsedge was
a problem during the first crop, the presence of this weed
species was erratic in the second crop. Differences in
purple nutsedge densities among treatments could not be
detected in the second crop in 1998 or 1999, nor could
any trends within the data be observed (data not shown).
~ Treatment of the plots between the first and second crop
with glyphosate probably had a sxgmﬁcant influence on
‘the reduction of purple nutsedge shoots in the second
crop. With the exception of the methyl bromide treat-
ments, all plots had purple nutsedge shoot densities
greater than 5/m? emerged through the polyethylene and
measured 25-61 cm in height at the time of glyphosate
treatment. This application of glyphosate reduced the
purple nutsedge shoot population in the second crop
. 82-99%, regardless of the second crop treatment. The
nonselective herbicide paraquat is often used to eliminate
weedy vegetation between vegetable crops, primarily
because of its low price, quick action, and broad spec-
trum of weed control. However, this will often only
provide contact burn of exposed purple nutsedge foliage

and will not control any underground tubers’
Glyphosate was reported to control nutsedge tubers that .~

were attached to treated foliage (Doll and Pxedrahlta,
1982). These researchers found that new shoots of purple
nutsedge that emerged following glyphosate applications
originated from dormant tubers. Based on the reduced
nutsedge populations observed in the current study, an
application of glyphosate between crops is recommended
to assist in weed control in a plasticulture system.
However, results of this study indicate that an effective
replacement for methyl bromide for weed control within
the crop has not yet been found.

Many pests were controlled effectively with methyl
bromide (nematodes, soil-borne plant pathogenic fungi,
soil-borne insects, and weeds), however, the potential

methyl bromide-replacements investigated in this study
do not have the broad-spectrum pest control of methyl
bromide. Following the elimination of methyl bromide,
pest management in vegetable crops will need to further
rely on the principles of integrated pest management
(IPM). Correct identification of pests and implementa-
tion of appropriate control measures have become in-
creasingly important in the effective management of pests
in systems that previously relied on methyl bromide.
Instead of a limited number of pest control tactics, new
pest management systems will need to rely on multiple
components aimed at controlling weeds, nematodes, and
soilborne plant pathogenic fungi and insects. These sys-
tems in the future may also include a broader arsenal of
herbicides for several crops with minor hectarage due to
the efforts of the US Interregional Research Project
4 (IR-4) (http://pestdata.ncsu.edu/ir-4/), which is a collab-
orative effort between the State Agricultural Experiment
Stations and the USDA-Agricultural Research Service.
In addition, integration of cultural practices such as crop
rotation (McSorley, 1996), pest resistant cultivars (Thies
and Fery, 1997), stale seed bed techniques (Johnson and
Mullinix, 1998), precision fertilization and watering, the
use of organic amendments (Blok et al., 2000; Gardiner
et al, 1999; Kirkengaard and Sarwar, 1999) and the
choice of polyethylene mulch (Chase et al.,, 1998; Patter-
son, 1998) may also improve pest control and should be
investigated across multiple disciplines in future studies.
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